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ABSTRACT 


A large stock of alkaline rock is described quantitatively, and the mineral variations 
are shown on contoured distribution plans. Chemical analyses of albite, microline, 
and nepheline are presented, as well as chemical analyses of six of the type rocks. 
Field observations of the relationship to surrounding rocks are supplemented by age 
determinations based upon radioactivity. The latter indicate an age difference of 
the order of 500 million years between the feldspathoid rock and the younger granitic 
batholith, thus precluding the possibility of a genetic relationship between them. 
Based upon this and upon the lack of evidence of desilication of the intrusives by 
limestone, it is concluded that the limestone syntexis theory of origin of feldspathoid 
rocks is not tenable for the intrusive in question and seems unlikely for the Bancroft 
alkaline province as a whole. 

Analogy is drawn between the crystallization of the alkaline intrusive and that of 
a comparable artificial melt; it is concluded that the characteristics of the intrusive 
and the mineral variations can be reasonably attributed to crystallization of a magma 
approximately of the composition of the average rock. There is no evidence that 
the alkaline magma was developed by any special process operative in the zone of 
present observation. 


INTRODUCTION 


The Blue Mountain intrusive is located in Methuen Township, Ontario, 
about 30 miles north of the city of Peterborough (Fig. 1). It is one 
of a series of nepheline-bearing masses constituting the alkaline rock 
province of southern central Ontario. Rocks of this type are most abun- 
dantly developed along a belt extending over 40 miles northeast and 30 
miles west of Bancroft, to the northeast of Methuen Township. The 
Blue Mountain intrusive is larger than any individual alkaline mass in 
the Bancroft belt and is more uniform in composition and texture, but 
it is mineralogically similar and so far as is known it belongs to the 
same epoch. 

The geology of the Haliburton-Bancroft region, including Methuen 
Township, was studied by Adams and Barlow (1910); their careful 
investigation has been the basis of subsequent work on the alkaline 
rocks. Within the last few years interest in the nepheline-bearing rocks 
of Ontario has been revived by development of their commercial use 
as a raw material source of alumina and alkalies and as a substitute 
for feldspar in glass and in ceramic bodies. 

The question of the origin of feldspathoid rocks has been a subject 
of controversy for many years, and a number of theories have been 
advanced. There are many published descriptions of alkaline intru- 











INTRODUCTION 1797 


sives, mostly qualitative, but few complete quantitative studies have 
been made, with the possible exception of some recent work on the 
Chibina intrusives of the Kola Peninsula, U. 8. S. R. 
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Fiaure 1—Index map showing the location of Blue Mountain 


GENERAL OUTLINE 
PURPOSE AND SCOPE OF INVESTIGATION 

The present investigation was undertaken in order to make a complete 
quantitative study of the Blue Mountain intrusive as a unit, by means 
of mineralogical and chemical examination of systematically spaced 
specimens. The primary purpose was to discover any possible zoning 
of minerals or elements and to interpret the significance of the mineral 
distribution to petrology and petrogenesis. 

In addition to the quantitative study, some attention was paid to the 
structure of the mass and to its contacts and alteration, as well as its 
relationship to the surrounding rocks. These considerations were subor- 
dinated, however, to the main question of mineral distribution. 
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The problem was attacked by thin section examination and Rosiwal 
analysis of 122 representative specimens. A control and check on the 
Rosiwal analyses was furnished by a series of six chemical analyses 
of type specimens and by chemical analysis of albite, microcline, and 
nepheline, the principal rock-forming constituents. Mineral fractions for 
analysis were separated from the analyzed rock samples so that a mutual 
check was possible between mineral analyses, rock analyses, and modal 
Rosiwal determinations. 
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GEOLOGIC SETTING 

Areal relation to surrounding rocks—The rocks of the central intrusive 
were referred to as nepheline syenite in the field and they have been 
previously so described, but the preponderance of plagioclase over potas- 
sium feldspar requires that they be more precisely termed “litchfieldite” 
(Johannsen, 1938, p. 180), and the small mean percentage of mafic 
minerals (<5%) requires the prefix “leuco” for accurate description 
of the average rock. Similarly the red border phase of the younger 
batholith was referred to as syenite in the field, but it is more precisely 
a sodaclase syenodiorite. The terms litchfieldite and syenodiorite will 
be used in this paper. Classification and compositional range are dis- 
cussed in a succeeding section. 

The litchfieldite and syenodiorite lie within and intrude the belt of 
Grenville schists which trends northeastward across Methuen Township 
(Pl. 1). 

Immediately to the east of the Grenville schist belt lies the Methuen 
granitic batholith, over 4 miles wide at this point and 16 miles long 
in a northeasterly direction. South of Barrette Lake, adjacent to the 
litchfieldite mass, the red syenodiorite grades into the soda granodiorite 
of the batholith by a progressive increase in quartz. 
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On the west the enclosing amphibole-biotite rocks are bordered by 
crystalline limestone, which at its nearest point is half a mile from the 
alkaline intrusive. Adams and Barlow show the southern tip of the 
intrusive in contact with crystalline limestone, but this was not substan- 
tiated by the present examination. The area in question, west of the 
southern tip of Blue Mountain, is for the most part low and swampy, 
and the only observed outcrops are syenodiorite and amphibolite. 

Following is a chronological subdivision of the principal rock types of 
Blue Mountain and its immediate vicinity. All of these are believed to 
be pre-Cambrian; they are overlain unconformably by Black River 
(Cambro-Silurian) limestone. 


¥ Methuen batholithic intrusive—sodaclase granodiorite 
Late pre-Cambrian(?) srhe 
Red sodaclase syenodiorite 


ROE COMUNOD 5.4 a wiadia'ein do vawec kcal cenes 


Feldspathoid rocks—leucolitchfieldite 


biotite—hornblende schist 
Grenville < amphibolite 
crystalline limestone 


Relative age of litchfieldite and syenodiorite from radioactivity —Age 
indices of the litchfieldite and red syenodiorite were determined by Dr. 
N. B. Keevil of the Massachusetts Institute of Technology. Samples 
submitted were large fresh specimens respectively from the Blue Moun- 
tain quarry and from a new road cut. The litchfieldite specimen was 
obtained from about 50 feet below the surface, and the syenodiorite from 
about 5 feet below the surface. Results are shown in Table 1. 


TaBLe 1—Results of age determinations on litchfieldite and syenodiorite 








. . ‘ Helium Radium Thorium Age (millions 
Specimen: Laboratory designation A 
ec/gm. gm /gm gm/gm of years) 

NIN Goris oo ons se 5 9 0s KRF 3.6 X10 3X10-" 4.8X1077 150 +100 

(felsic fraction) = 
rere eee KRFM 1.3 X10 1.4: 10-18 6.61077 195+ 30 

(mafic fraction) = 
| EP TT TTT eee KW 1.3X10-5 2x10-4 3X10-7 850 +400 




















* For equation, see Keevil (1939, p. 202, Equation 15). 


The low helium content and low radioactivity of these rocks introduced 
large experimental errors, and this has been indicated in the possible 
range of results. The figures given are to be considered as tentative 
pending more complete standardization of the apparatus, but later 
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changes are not expected to cause improvements of more than a few 
per cent. 

For the present investigation we may say simply that the red syeno- 
diorite, which is a border phase of the Methuen granodiorite batholith, 
is millions of years younger than the litchfieldite. 

The age result on the syenodiorite is of the same order as that obtained 
by Keevil (1938, p. 146) on granite from Gananoque, Ontario, and both 
of these agree with the contention of Quirke and Collins (1930, p. 102) 
that the granitic rocks of the north shore of Lake Huron are Killarnean. 
The radioactive age results further suggest an extension of the Killarnean 
province to the south and east of the area studied by those investigators. 


Structural relation to surrounding rocks ——The elongation of the central 
intrusive is subparallel to the strike of the regional structure, and off- 
shoots of the igneous mass penetrate the surrounding rocks along the 
direction of their foliation. The gneissosity of the litchfieldite and red 
syenodiorite are also in general parallel to the foliation of the enclosing 
Grenville schists, particularly adjacent to contacts. 

It is worthy of note, however, that the schists are tightly folded and 
strongly foliated, although there is little evidence of deformation of the 
intrusives. Thus the latter are apparently younger than the major re- 
gional folding. Intrusion of the litchfieldite was controlled by this 
pre-existing structure of the Grenville schists, and intrusion of the red 
syenodiorite followed the foliation of the schists and in part the contacts 
of the litchfieldite mass. 


Neighboring rock types.—Composition and classification of the alka- 
line rocks are discussed in a succeeding section. The character of the 
adjacent rocks is briefly described here to provide a picture of the 
geologic setting. (See Plate 1.) 

The Grenville schists are fine-grained, well-foliated hornblende-biotite- 
plagioclase rocks, dark-colored and distinctly banded on a small scale. 
In places they have a broader, continuous banding (bands up to 1 inch 
wide), and some phases, particularly along the northwest shore of Big 
Mountain Lake, contain up to 5 per cent of a pale-brown garnet in small 
crystals (maximum size about 3 mm.). Composition of the average rock 
may be represented by the following Rosiwal analysis of a typical speci- 


men: Per cent 
Andesine . ee, 
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Under the microscope the banding observed in hand specimen proves 
to be a selective arrangement of untwinned plagioclase, hornblende laths, 
and quartz. The hornblende shows a pronounced alignment and elonga- 
tion, and the plagioclase and quartz form a fine-grained equigranular 
mosaic. 

Adams and Barlow (1910) described these rocks as probably developed 
by metamorphism of basic intrusives, principally on the basis of their 
similarity to certain metamorphosed basic dikes which cut the Grenville 
limestone to the west. However, they describe the development of 
comparable rocks from impure sedimentary rocks in other parts of the 
Haliburton-Bancroft area. The latter origin seems most acceptable for 
the schists immediately adjacent to the Blue Mountain intrusive, since 
they have a distinct, continuous banding, contain garnetiferous bands in 
places, and all observed specimens contain a small percentage of quartz. 

The syenodiorite which borders part of the litchfieldite of the central 
mass is a medium-grained pink to red rock with granitic texture, and in 
most cases distinctly gneissic. Its mineralogical composition is approxi- 
mately as follows (mean of two Rosiwal analyses on type specimens) : 


Per cent 

Albite POE eR ne is ESD 78 
eee eer 16 
ee EET ey et TIPE 2 
PMU 55 a'r hekate be Say ae ae ous 1 
ERI el nie eer 1 
COPGHON 2S. os AGN ee 

100 


The red border phase is thus a sodaclase syenodiorite, equivalent to 
number 1111P of Johannsen’s classification. The plagioclase is about 
Ab»,—that is, only slightly more calcic than that in the litchfieldite. One 
of the thin sections contains 4 per cent of corundum, but this mineral is 
absent from the other section. Corundum was observed in this rock 
in the field in only a few specimens, so that the figure of 2 per cent given 
in the above Rosiwal analysis is probably much higher than the average 
percentage of corundum in the syenodiorite. 

The red syenodiorite is comparatively fresh but slightly more altered 
than the litchfieldite. Plagioclase in the former is clouded, and the biotite 
shows a partial alteration to reddish opaque iron oxide. 

Genetically the syenodiorite is a border phase of the Methuen batho- 
lith, younger than the litchfieldite and developed from a granodioritic 
magma by contact with the litchfieldite. At the northeast end of Blue 
Mountain the syenodiorite grades into the soda granodiorite of the batho- 
lith within 500 feet of the litchfieldite mass. This transition was not 
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studied in close detail, but comparison of Rosiwal analyses shows that 
the gradation to syenodiorite involves essentially the decrease and dis- 
appearance of quartz and an increase of plagioclase relative to potassium 
feldspar. 

Where the syenodiorite or granodiorite come in contact with the Gren- 
ville schists, gray to pinkish-gray hybrid rocks are developed which 
retain in part the foliation of the schists. Microscopic examination of 
some of these hybrid rocks shows that they contain more microcline (up 
to 19%) and more quartz than do the schists away from the contact. 
Biotite is more predominant than hornblende in the contact phases, and 
the ratio of mafic to salic constituents is lower than in the normal schist. 

Very few sharp contacts were observed between the late batholithic 
intrusive and the central litchfieldite, but a chilled border of syenodiorite 
against litchfieldite was encountered in two places. These two rock bodies 
have mutually affected each other compositionally to produce a rock 
which contains neither quartz nor nepheline. On the one hand the soda 
granodiorite of the Methuen batholith becomes a soda syenodiorite ad- 
jacent to the central alkaline mass, and a similar nepheline-free syeno- 
diorite is developed from the litchfieldite by emanations from the younger 
intrusive. 

This pink alteration occurs almost everywhere around the borders of 
the litchfieldite, as well as in irregular zones and along fracture planes 
within the central mass. In places tongues of red syenodiorite project 
inward for a short distance along the cross fractures, and the pink alter- 
ation extends farther along the fractures from the tips of the syenodiorite 
tongues. 

ALKALINE SYENITE MASS 


The Blue Mountain intrusive consists of an irregular oval stock, 114 
by 3 miles in its greatest dimensions in plan, and a long narrow projec- 
tion to the south. The total length of the mass, including the southern 
salient, is about 514 miles. The alkaline rock stands 200 to 300 feet 
above the level of the surrounding country in smooth glaciated ridges 
which strike N. 30° E., subparallel to the long axis of the intrusive and 
to the regional strike of the intruded rocks. 

In general the contacts tend to follow the foliation of the enclosing 
schist, so that some indication of the three-dimensional shape of the mass 
may be obtained by consideration of the attitude of the schists. Along 
the borders of the main stock the dip is 60 to 70 degrees inward toward 
the center of the intrusive, so that the mass would appear to be narrow- 
ing at depth. Along the southern projection, however, the dips are 60 
to 70 degrees east on both sides, so that this tongue apparently rakes 
to the east. 
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Within the central intrusive, most of the alkaline rocks are massive and 
structureless. In places, near the contacts, there is a distinct gneissosity 
which strikes parallel to the intrusive borders. 

In section, as partially exposed at the quarry near the southern tip 
of the long projection, the alkaline rock shows a faint gneissosity or 
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Ficure 2—Diagrammatic cross section of southern part of the Blue Moun- 
tain intrusive 


“‘nseudo-bedding”’, concave downward, and at this point roughly parallel 
to the surface of the ridge. The pseudo-bedding consists of a planar 
arrangement of phases relatively richer in magnetite or corundum, or 
differing slightly in grain size. This feature is shown diagrammatically 
in Figure 2. 

At intervals there are small pegmatitic phases within the litchfieldite, 
most of which are only a foot or two in length and a few inches wide. 


SELECTION OF SPECIMENS 


Specimens were taken at regular intervals and were selected to repre- 
sent the average rock at each location. More than 500 such specimens 
were collected in the field. Specimen positions and geological contacts 
were located with respect to a transit base line run along the center of 
the main ridge and to transit lines run across the ridge at intervals. 

When the laboratory study was undertaken, 122 of the least weathered 
field samples were selected to represent the entire intrusive and the adja- 
cent rocks. 

OUTLINE OF LABORATORY INVESTIGATION 

Introduction.—The laboratory investigation involved Rosiwal analysis 
of selected specimens, the development of a chemical control for the 
Rosiwal analysis (by chemical analysis of type rocks and minerals), 
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and microscopic and spectroscopic examination of the rocks and rock 
minerals. 

For most of this the results only are significant, and the procedure 
will not be described in detail. Mineral staining and separation tech- 
niques are outlined, however, and the application of the Rosiwal method 
is discussed. 


Staining technique——Uncovered thin sections were prepared from the 
representative specimens of litchfieldite, and a preliminary examination 
was made to determine the minerals present, the degree of alteration, 
and the suitability of the sections for Rosiwal analysis. This preliminary 
study showed that all the rocks are very fresh but that Rosiwal analysis 
would require some method of distinguishing rapidly and accurately be- 
tween albite, microcline, and nepheline. Sixty to seventy per cent of the 
albite and microcline shows characteristic twinning but the untwinned 
feldspars could be distinguished from one another and from nepheline 
only by optical tests. A staining technique was therefore evolved to 
facilitate the Rosiwal analysis, and potassium feldspar and nepheline 
were stained selectively on the same section, leaving plagioclase feldspar 
uncolored. 

Staining technique was based on two previously described methods for 
nepheline and potassium feldspar respectively. As far as is known the 
two stains have not previously been used in conjunction. Detail of the 
combined staining method is given in another article (Keith, 1939). 

The nepheline stain involves gelatinization with hydrochloric acid 
followed by coloring with a solution of malachite green which is absorbed 
by the silica gel. This method is described in several textbooks of petro- 
graphic methods, but the original reference is not known. 

The potassium feldspar stain depends upon decomposition of the sur- 
face with hydrofluoric acid, followed by staining with a potassium test 
solution (sodium cobaltinitrite). This method was described by Gabriel 
and Cox (1929, p. 290) for use principally in distinguishing feldspars in 
granular material. Slight modification of their method was found neces- 
sary to adapt the method for thin section staining. The combined method, 
applied to the Blue Mountain sections, stained nepheline greenish blue, 
potassium feldspar yellow, and left albite uncolored. 


Rosiwal analyses—The accuracy and limitations of Rosiwal analyses 
for modal determination of rocks have recently been studied by Larsen 
and Miller (1935, p. 260). They point out that the principal sources of 
error are failure of the thin section to represent the rock, and failure of 
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the measuring process to represent the thin section. The first of these 
sources of error is the more serious, and the seriousness of the error 
depends upon the uniformity of the rock and upon the choice of specimens. 

As to the second source of error, Larsen and Miller have demonstrated 
that the Rosiwal method is accurate within 1 per cent if the area of the 
section is at least 100 times the area of the largest grains present to the 
extent of 1 per cent. They find the most favorable rock to be one with 
grains uniformly about 1 mm. in diameter and they suggest about 15 
traverses across such a section at 1 mm. intervals. 

The largest error in the present work will undoubtedly lie in failure 
of the sections to represent accurately the average rock at each location. 
In the field there are local concentrations and faint schlieren of mafic 
minerals, and in places small pegmatitic phases of the litchfieldite. These 
were avoided in the selection of specimens, and for the most part the 
rocks are comparatively uniform. 

According to the limitations given by Larsen and Miller the Blue 
Mountain rocks are ideally suited to analysis by the Rosiwal method. 
The sections examined have a uniform grain size of slightly less than 1 mm. 
One exceptional section has grains up to 2.5 mm. in diameter, and a few 
fine-grained sections have an average grain size of 0.3 mm. 

In applying the method 16 traverses were made across each section at 
1 mm. intervals. Average traverse length was about 15 mm., so that each 
Rosiwal analysis represents a total traverse length of about 240 mm. 
Rosiwal analyses were made with a new electrical integrating stage devel- 
oped at Harvard University (Hurlbut, 1939, p. 253). 


Separation of rock minerals.—Constituent rock minerals were separated 
from a composite of the analysed rock samples by magnetic fractionation 
with a Frantz Isodynamic Separator and by hand picking under a 
binocular. 

For nepheline analysis a cleaned nepheline-albite-microcline concen- 
trate was submitted to F. A. Gonyer of Harvard University, who removed 
the nepheline by solution and analysed the solution. Weight of the 
analysed nepheline was obtained from the difference between the sample 
weight before and after the solution treatment. 

The remaining material was examined microscopically and found to 
consist of microcline and albite. This granular material was treated with 
sodium cobaltinitrite, and potassium feldspar was colored yellow. Pure 
samples of each feldspar were then obtained by hand picking under the 
binocular. Finally the stain and decomposed surface layer were removed 
by boiling in a 10% solution of sodium carbonate, and the feldspar 
samples were washed in alcohol and submitted for chemical analysis. 
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PETROGRAPHY OF THE ALKALINE ROCKS 
GENERAL CHARACTER OF THE ROCKS 
The rocks of the central alkaline intrusive are medium- to fine-grained 
(average grain size about 1 mm.), very light-colored, and have an even, 
granitic texture. Their mineralogical composition may be represented by 
the following mean of 112 Rosiwal analyses: 


Per cent 

(Modal) 
MN Rt. Li cha Rete hh oe Rs 54 
EINE cg a ae 0S as Socb ae ao 20 
SRY a Sig ack ane 22 
MOINES Diss rote key ue ae 2 
Beane Mmerels: ..o5..6. 0. 2 

(biotite, hastingsite, magnetite) 

100 


Minor accessory minerals are ilmenite, corundum, brownish-yellow 
garnet, and, very rarely, zircon. The mafic minerals are grouped together 
in this average analysis because the rocks which contain hastingsite do 
not contain biotite. Fifty-four of the sections examined show biotite, and 
the maximum biotite percentage in any specimen is 9. Thirty-two of the 
sections contain hastingsite and the maximum is 6 per cent. Most of 
the sections contain some magnetite (maximum 3%). 

The accessory minerals are almost negligible in the average rock. Ilmen- 
ite was estimated as magnetite in the Rosiwal analyses since these two 
could not be distinguished in thin section. In the few polished sections 
examined, however, ilmenite makes up almost half of the opaque oxide. 
It occurs both as separate rounded crystals and in a coarsely bladed 
intergrowth with magnetite. Corundum is fairly abundant along curved 
“‘pseudo-bedding” planes in the southern part of Blue Mountain but was 
observed only very occasionally in surface specimens. The other acces- 
sory minerals were observed in less than half a dozen sections of the 112 
examined. 

Albite, microcline, and the micas tend to show crystal outlines in part, 
whereas nepheline is apparently interstitial and in some sections distinctly 
follows grain boundaries of the feldspars. In other specimens it shows 
a pronounced elongation parallel to the intrusive boundaries. 

Perthitic intergrowths of albite and microcline are fairly common. 
These are “patch” and “plume” replacement perthites, as described and 
classified by Alling (1938, p. 142). There is also, more rarely, an inter- 
growth developed between albite and nepheline. The latter forms a 
graphic intergrowth of small irregular blebs, lying along the cleavage 
planes of the plagioclase feldspar. This is apparently a replacement 
phenomonon, as the nepheline blebs of the intergrowths are in places 
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optically continuous with, and connected to, nepheline grains outside 
the plagioclase, and the blebs pass in some cases from one feldspar grain 
to another. 

Johannsen (1931, p. 44) shows a photomicrograph of an intergrowth 
of nepheline and feldspar in foyaite. This is a myrmekitic type of inter- 
growth, however, and quite distinct from the graphic form observed in 
the Blue Mountain sections. 


ALTERATION AND CONTACTS 


The alkaline rocks are extremely fresh. Most of the surface of the 
alkaline rock has been glaciated, and the rock is weathered to a maximum 
depth of 2 inches below the smooth surface. Even within this upper 2 
inches the only observable sign of weathering in thin section is the 
development of fine-grained white mica in the nepheline. On the outcrop 
the result of the more rapid weathering of nepheline is a pitting of the 
surface, so that this mineral appears in small depressions below the level 
of the more resistant feldspar. 

Contacts between the litchfieldite and the older Grenville schists are 
obscured in most places because the schists have been more easily and 
hence more deeply eroded, so that the contacts are typically on the low 
ground at the foot of a cliff or ridge of litchfieldite. In several places, 
however, the alkaline rock was observed in contact with inclusions of the 
schist, and at these places there is no observable chilling at the border, 
and the apparent contact effects on the schist are slight. Microscopic 
examination of the inclusions showed hornblende, plagioclase, and micro- 
cline, but no biotite or quartz. Quartz and biotite are present in all avail- 
able sections of the schist away from the contact. This suggests that 
intrusion of the litchfieldite has effected a transformation from biotite 
to hornblende in the schists. 

The effect of the younger syenodiorite on the litchfieldite has been dis- 
cussed in a preceding section. The resultant pink alteration is found 
around the borders of the alkaline mass, along straight joint planes, and 
in irregular patches within the central intrusive. The pink coloration is 
possibly due to introduction of iron, but the only mineralogical change 
observed in thin section is the development of a felted micaceous mass 
in the nepheline, similar to that produced by weathering. In some places, 
serpentinization is superimposed on the pink alteration along the joint 


planes. 
CLASSIFICATION AND COMPOSITIONAL RANGE 


The average mode of the alkaline rocks has been given. The Rosiwal 
analyses are graphically represented on the accompanying ternary dia- 
gram (Fig. 3), which is equivalent to a cross section of the tetrahedron 
representing class 1 of Johannsen’s classification. Individual points on 
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the diagram represent, for one specimen, the relative amounts of albite, 


microcline, and nepheline. 
The aggregate grouping of points shows the compositional range of the 
intrusive, since the analyses plotted represent a systematic sampling of 


























MicROCLINE 





Syenite < —> Litchfieldite 
Ficure 3.—Ternary diagram showing composition of Blue Mountain alkaline 
intrusive 
Black circles represent individual specimens. Albite: Microcline: Nepheline = AX :MX:NX. 


the alkaline body. With only a few exceptions the rocks are equivalent 
to leucolitchfieldite (Johannsen, 1938, p. 180), number 1119P of Johann- 
sen’s classification. This terminology and numbering are defined as 


follows: 
Number 1119P equals plutonic rock with: 


ERIN oe oo yn tik mabwcnde eda sadueueaad acne 
plagioclase between Aboo and Abioo.............. 00sec cece cece eeeneeeues (Order 1) 


i I (Family 19) 
plagioclase between 50 and 95% of total feldspar.................... y 
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Figure 2 also shows how the Blue Mountain rocks differ from rocks 
which may be precisely termed nepheline syenite. Classification into that 
group requires that potassium feldspar form more than 50% of the total 
feldspar‘in the rock. Only one of the Blue Mountain specimens examined 
answers this requirement. 

It will be further seen from the diagram that the other variations from 
the pigeon-hole 1119P may be grouped as follows: 


Group A—those which have less than 5% nepheline 
Group B—those in which albite is more than 95% of the total feldspar. 


Group A falls under 1115P which has no specific name, while group B is 
equivalent to 1120P (leucomariupolite). : 


ROCK MINERALS OF THE LITCHFIELDITE 


The minerals which make up the alkaline rocks of Blue Mountain 
are briefly described below. Chemical analyses of the albite, micro- 
cline, and nepheline were made by F. A. Gonyer. Specific gravities 
were determined on the Berman Density Balance at Harvard University 
and are accurate to 1 per cent. 

Albite (Specific Gravity 2.59): The plagioclase, a very pure albite 
(An,) according to the chemical analysis, is the predominant mineral of 
the litchfieldite. It occurs in subhedral individuals which tend to be 
somewhat larger than the other minerals. All the albite in the sections 
examined is clear and unaltered. Most of it shows albite twinning, but 
some pericline twinning was observed. 

The optical data may be summarized as follows: 

Optic sign (+) 
Optic axial angle (2V) = 80° (5 readings) 
All refractive indices less than 1.54 


Extinction angles (universal stage) 
Section normal to a, (crystallographic) —X’ on albite twinning = 14° (mean of 


25 readings) 
Section normal to bisectrix X, —Y on 010 = 14° (mean of 5 readings) 

The classification according to chemical analysis (An,) is not in exact 
agreement with that obtained by referring the optical data to standard 
curves for the plagioclase series. The specific gravity, however, is 
equivalent to that given for albite. 

Nikitin (1936, p. 96) shows several axial angle curves for plagioclase, 
and it is noteworthy that the value of 2V at the albite end differs by as 
much as 20 degrees in curves presented by various investigators. Ap- 
parently, therefore, the axial angle is not diagnostic in the plagioclase 
series. 
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Correlation of the recorded extinction angles with standard curves 
gives An; to Ang. The result obtained from chemical analysis is accepted 
for the present study. Following is a chemical analysis of selected albite 
from the type rocks (sample obtained by procedure outlined unde? “Sepa- 
ration of rock minerals”) : 


SiO. — 67.90 MgO — 0.06 
TiO. — none CaO — 0.24 
Al.Os — 20.60 BaO — none 
Fe.0s — none Na.O — 10.78 
FeO — none K:,0 — 0.15 
MnO — none H:.0-+- — 022 

Total 99.95 


This analysis has slight excess silica over that required for the formula 


Na ( -) O, and the arbitrary anorthite molecule is present to the extent 
3 


of 1 per cent. 

Microcline (Specific Gravity 2.55): Approximately 60 per cent of the 
potassium feldspar shows the characteristic microcline twinning, the bal- 
ance being untwinned. Some of the untwinned grains may be orthoclase. 
The potassium feldspar is clear and unaltered and occurs in anhedral 
grains and in irregular perthitic intergrowths with albite. 

The following is a chemical analysis of selected material: 


SiO. — 64.50 MgO — 0.42 
TiOs — none CaO — 0.07 
Al.Os — 1931 BaO — none 
Fe.0s — none Na,O — 2.08 
FeO — none K:0 — 13.59 
MnO — none H:0+ — 0.28 

Total 100.20 


This is approximately equivalent to the formula K (g:) Os. The 
3 


balance is improved by including the small amounts of sodium, mag- 
nesium, and calcium with the potassium in recalculation to the formula. 

Nepheline (Specific Gravity 2.62): The nepheline is clear and unaltered 
except in weathered specimens, in which it is changed to a fine-grained, 
felted mass of white mica stained with iron oxide. Weathered surfaces 
were removed from the type specimens, so that none of this material was 
included with the nepheline submitted for analysis. 

Texturally, nepheline is interstitial to albite and microcline and in 
many cases follows the intergranular contacts of the feldspars. Reference 
has been made to a replacement intergrowth of albite and nepheline. 
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The following is a chemical analysis of the nepheline: 


Sid. — 43.01 MgO — 0.04 
TiO. — none CaO — 0.36 
Al.Os — 34.01 BaO — none 
Fe,0; — 014 Naz:O — 15.42 
FeO — none K:0 — 6.15 
MnO — none H.0+ — 0.99 

Total 100.12 


This analysis shows slight excess silica over that required for the substi- 


. N Si 
tution formula (x") ( an) Ono. 


It is more precisely equivalent to the unit cell formula as given by 
Bannister and Hey (1931, p. 569): 
Siie-n Aln (Na, K, Y% Ca)n Ose 
(n= 6.6 to 8.2) 
From the present chemical analysis, if the molecular proportion of oxygen 
be taken as 32 in order to allow comparison with Bannister’s formula, 
molecular proportions of the other elements are: 


Re ein See y ee). Ae: | SANDER eae Kare Pate GUNN rie Ree ae 0.07 
DR RM tet Phas Bt ee Sle TaD Sun coe tiene nt a 5.73 
Se eens ytkhs: te heeek. 1.50 


From these proportions: 


n=7.73 (within Bannister’s range) 
Si + Al = 15.92 (consistent with Bannister’s formula) 
(Na + K + %4Ca) = 7.27 (should be 7.73 to agree exactly with the cell formula) 


The specific gravity of the nepheline (2.62) is exactly equivalent to 
that given by Bannister for a nepheline with 32 oxygen atoms per unit 
cell, although Bannister’s equivalent contained less potassium and more 
calcium. 

Muscovite and Corundum (Sp. Gr. 2.83 and 3.93 respectively): These 
two minerals may be considered together since the muscovite is in part 
developed as an alteration or reaction rim around the corundum, and all 
observed corundum in these rocks has the muscovite rim. It must not be 
assumed, however, that all the muscovite has developed in this way, for it 
occurs in almost half of the rocks examined, while corundum was observed 
in only half a dozen of the 112 sections of litchfieldite. Furthermore, the 
corundum lies characteristically along “pseudo-bedding” planes in the 
alkaline rock, whereas the muscovite shows no such arrangement. 

The muscovite of the alteration halos is usually in irregular masses 
with ragged edges. Where it is not obviously developed from corundum 
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it is typically in straight-sided laths, in many cases transecting grain 
boundaries of the feldspars and nepheline. 

In hand specimen the corundum has a deep bronze color and shows 
the glistening flat surfaces of a well-developed basal parting. In thin 
section it is brown and exhibits a zonal growth in basal section. In the 
few polished sections examined the corundum includes small lens-shaped 
lamellae of hematite or ilmenite, too small to be identified. 

Ferromagnesian minerals: The mafic minerals in order of abundance 
are biotite, amphibole, magnetite, and ilmenite. The biotite is dark 
green and strongly pleochroic (Sp. Gr. 3.14). No optical determinations 
were made on this mineral, but the strong green color and the specific 
gravity place it close to the high iron siderophyllite member of the bio- 
tite system. The diagnostic significance of specific gravity in the biotite 
system is shown by the following gravities of the end members as given 
by Winchell (1933, p. 272): 


Ee een ree ee ee 2.75 
SE oo rai Shs Sb a olcamsusys Ara elate 2.86 
IMR 95 os is5 acd wigicssia G's a wasabi Sp 3.19-+-+ 
Ns hen nvad weer uhawcunains snes 3.35 


The occurrence of biotite is similar to that of muscovite except that 
it is not found in association with corundum. In places it appears in 
parallel or continuous growth with muscovite, the cleavages passing 
from one to the other without interruption. 

The amphibole is a very dark-green pleochroic variety corresponding 
approximately to ferrohastingsite as described by Billings (1928, p. 287). 
In the Blue Mountain rocks this mineral is so strongly colored that 
extinction positions could not be accurately determined, and hence the 
optical identification was not entirely satisfactory. Color, pleochroism, 
refractive indices, and specific gravity check closely, however, with 
those of ferrohastingsite. A comparison of these is as follows: 


Blue Mountain amphibole Ferrohastingsite 


Pleochroism X — yellow X — yellow 
Y — olive green Y — olive green 
Z—deep blue green Z—blue green 
Indices a —< 1.70 a — 1.698 
6 6 — 1.720 
sam 1m 
Sp. Gravity 3.44 3.433 


(from Hastings County, Ont.) 


Billings records that in the types studied by him Z=b in ferro- 
hastingsite from nepheline rocks, and Y=b in ferrohastingsite from 
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quartz-bearing rocks. This was not supported by the present investiga- 
tion, as Y=b in the Blue Mountain ferrohastingsite. 

Magnetite and ilmenite were not separately identified in the Rosiwal 
analyses, but polished section examination showed that almost half of 
the opaque oxide is ilmenite. It occurs both as separate anhedral masses 
and in coarse bladed intergrowth with magnetite. The separate magne- 
tite grains are of two types—larger irregular masses of about the same 
size as the other rock minerals, and very much smaller well-formed octa- 
hedra, poikilitically enclosed within the felsic constituents. 

Accessory minerals: Calcite was observed in several of the sections. 
One section contains 2 per cent of this mineral, but the others have 
only one or two grains. There is no evidence that the calcite is not 
a primary mineral; it is comparable in grain size to the other rock 
minerals and forms an integral part of the textural mosaic. 

A few grains of a pale brownish-yellow garnet and a few zircons were 
seen but these are quantitatively negligible. Most of the garnet is in 
irregular grains, poikilitically enclosing albite, but some quadratic sec- 
tions were observed. A few garnets appear to be developed at the 
expense of biotite. 


MINERALOGICAL AND CHEMICAL VARIATION WITHIN 
THE INTRUSIVE 


CONTROL FOR ROSIWAL ANALYSES 


In order to check the accuracy of the Rosiwal analyses and also to 

permit recalculation from Rosiwal proportions to oxides, five of the 
rock samples were chemically analysed. Based on the Rosiwal per- 
centages and on chemical analyses of the rock minerals, a calculated 
chemical composition of each of the five samples was obtained. A com- 
parison of calculated chemical compositions and actual chemical analyses 
is given in Table 2. 
The chemical analyses must be qualified to this extent: Rock analyses 
were made by analyst A, and the results were comparable with other 
available analyses of Blue Mountain rocks with the exception that the 
values for the alkalies were lower than those previously obtained. 


K:0 Na.O 
Analyst A 3.53 9.01 (mean of 5 analyses) 
Others 4.66 10.11 (mean of 10 analyses by 3 analysts) 


In view of this discrepancy a composite of the five samples reported 
on by analyst A was submitted to F. A. Gonyer for a check on the alka- 
lies. He reported as follows: 


K,O—4.05 Na,O—10.58 
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Since this is in much closer agreement with the other available re- 
sults, the figures of Analyst A were adjusted to bring the alkalies into 
agreement with the check by Gonyer. The chemical analyses given in 
Table 2 are these adjusted results. A comparison of these with the cal- 


Taste 2.—Comparison of calculated compositions and chemical analyses 
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A=less than 1% 
B= 1% to 2% 


culated compositions obtained from Rosiwal proportions and mineral 
analyses indicates that the average recast checks against the average 
chemical analysis within 1 per cent for each oxide. Some of the checks 
for individual specimens are less exact. The largest discrepancy is 
2.6 per cent between the calculated and the analysed silica percentage 
in sample 443. On the whole the agreement is close enough to justify 
confidence in the Rosiwal results and close enough to allow recalculation 
from Rosiwal proportions to oxides. 

The recalculation is based on the chemical analyses of albite, micro- 
cline, and nepheline already presented, and on the analyses of minerals 
presented in Table 3. All of these represent minerals from nepheline- 
bearing alkaline rocks of the same petrographic province to which the 
Blue Mountain intrusive belongs. 

MINERAL DISTRIBUTION 

Mineral proportions were determined by Rosiwal analysis for 112 sys- 
tematically spaced specimens of the alkaline intrusive. Results of these 
determinations are graphically represented by compositional contours in 
Plate 1. 
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Albite distribution shows an unmistakable relationship to the borders 
of the intrusive. Albite percentage varies from 30 to 70 per cent, and 
the compositional contours indicate that the central part of the intrusive 
is lower in albite than the borders and offshoots of the main mass. The 


TaBLe 3.—Analyses of minerals from the alkaline rock province of Ontario 
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Biotite: lepidomelane from Monmouth Township, Ontario; Egleson, analyst (Adams and Barlow, 


1910, p. 243). 
Hastingsite: type material from Haliburton-Bancroft area; Harrington, analyst (Adams and Bar- 


low, 1910, p. 247). 
Magnetite: from alkaline rock at Craigmont, Ontario; Connor, analyst (Adams and Barlow, 1910, 


p. 329). 
Muscovite and corundum: partial analyses by C. M. Nicholson of Canadian Nepheline Ltd. 


highest albite concentrations are at the tips of the projecting tongues 
along the northwest side of Blue Mountain. 

Microcline distribution is in part the inverse of albite distribution in 
that microcline maxima are located centrally in the main stock, and the 
borders and salients generally show a lower percentage of this mineral. 
It is to be noted, however, that there are minima as well as maxima 
within the mass and unrelated to contacts. The compositional range is 
from 10 to 40 per cent microcline. 

The distribution of nepheline shows characteristics very similar to 
those of microcline, in that the maxima are in general centrally located 
away from contacts, and there are also compositional minima in central 
positions. The long salient to the southwest has a lower mean nepheline 
percentage than the main stock to the north. There is another note- 
worthy minimum along the northern border of the main stock. 

Magnetite and ilmenite occur in most of the specimens examined 
and are the only mafic minerals in some specimens, notably in specimens 
from the southern part of the long salient. The plan showing the distri- 
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bution of hastingsite and biotite (Pl. 1) indicates that these two minerals 
are mutually exclusive, as was noted in the Rosiwal analysis. Only one 
section contained both minerals. Hastingsite is restricted to a central 
zone in the southern part of the main stock and the northern part of the 


Taste 4—Average chemical composition of the alkaline intrusive 
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long projection, while the rocks outside of this zone are characterized 
by biotite and muscovite. Hastingsite and muscovite are also mutually 
exclusive, and the latter mineral is notably concentrated near the borders 
of the intrusive and at the tips of the salients. 


CHEMICAL VARIATION WITHIN THE INTRUSIVE 

With the chemical control of the Rosiwal results as a background, each 
of the Rosiwal analyses was recalculated into oxide proportions. Results 
of the recalculations are summarized in table 4 (mean of 112 recasts). 

It will be noted that the chemical composition of the litchfieldite varies 
within much narrower limits than the mineralogical composition. This is 
to be expected, of course, in a rock such as this, made up predominantly 
of three minerals which are all composed of alkalies, alumina, and silica. 
The chemical uniformity is greater than was anticipated, however, and 
the variations are too slight to allow the results to be contoured, as were 
the mineralogical proportions. 

It was noted in the discussion of mineral distribution that albite shows 
the greatest variation in amount, and that microcline and nepheline indi- 
vidually show a less striking distribution, in combination constituting the 
inverse of the albite distribution. Of these three main minerals, varia- 
tions in the proportion of nepheline are most effective in changing the 
bulk chemical composition of the rock, since alumina and alkalies are 
higher relative to silica in this mineral than in the feldspars. As might 
be expected, then, the chemical variation is most closely related to the 
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distribution of nepheline, so that maxima of alumina and soda and 
corresponding minima of silica occur at the nepheline maxima (PI. 1). 
Aside from this one variational relationship the most significant feature 
of the chemical composition of the alkaline intrusive is its comparative 
uniformity. 

MINOR ELEMENTS IN THE ROCKS AND ROCK MINERALS 

A spectroscopic study was made to show the distribution of minor ele- 
ments in the type rocks, in the individual minerals, and in the pegmatitic 
phases of the litchfieldite. Information of this type may offer some evi- 
dence as to the nature and genetic associations of a magma and suggests 
a possible line of approach to problems of the border-line field between 
petrology and the study of ore deposits. Spectrum analyses were made 
by R. F. Jarrell (carbon are method). 

The following elements are reported as negative in all samples: anti- 
mony, arsenic, bismuth, cadmium, germanium, gold, hafnium, indium, 
irridium, lead, lithium, molybdenum, osmium, platinum, rhodium ru- 
thenium, rubidium, silver, tantalum, thallium, tin, and tungsten. 

Barium appears about in equal amount in all the rock-forming min- 
erals except corundum which shows a higher concentration. Highest 
barium concentration is in the red syenodiorite. 

Beryllium shows a questionable trace in muscovite and a small trace 
in the granodiorite of the Methuen batholith but is negative in all the 
other minerals and rocks. Beryllium has been reported in the Blue 
Mountain litchfieldite by two analysts, as follows: 


Per cent 
Sharp: Schuita Co. ........6.6600% 0.35 BeO 
ee a nr 0.38 BeO 


Because of these analytical determinations, the sensitivity of the spectro- 
graph to this element was checked, and part of the same sample analysed 
by Herdsman was submitted to spectroscopic examination. Four sepa- 
rate runs were made on this sample, and the are exposure was increased 
to three times the standard time. Even with this increased exposure 
beryllium lines did not appear. The check on sensitivity showed that one 
part in 10,000 (0.01%) of beryllium is detectable as a silicate. The 
amount reported chemically in the litchfieldite is about 14 times greater 
than this lower limit of detectability, so that such an amount should 
give strong lines. 

Cesium shows in all the minerals and rocks and is in higher concen- 
tration in biotite and magnetite and in still higher concentration in the 
Grenville schist. 

Chromium appears as a trace in all the minerals except biotite and 


magnetite. 








1818 M. L. KEITH—ALKALINE INTRUSIVE AT BLUE MOUNTAIN, ONTARIO 


Cobalt appears only in the Grenville schist. 

Copper shows in all the minerals with no apparent significance of 
distribution. 

Gallium occurs in all the rock-forming minerals except microcline and 
is in highest concentration in nepheline, magnetite, and corundum. Con- 
centration is lower in the pegmatitic nepheline than in nepheline from 
the normal litchfieldite. It is noteworthy that this element: is one of 
those which might be confused analytically with beryllium, and its occur- 
rence in the rock minerals may partially explain the discrepancy be- 
tween analytical and spectroscopic determinations of beryllium. 

Lanthanum appears as a trace in biotite and magnetite and in the 
Grenville schist. 

Magnesium is in higher concentration in pegmatitic microcline and 
magnetite than in these same minerals from normal litchfieldite. 

Niobium shows a concentration in the high iron minerals. 

Palladium and scandium appear only in the Grenville schist. 

Strontium occurs as a trace in all the minerals. 

Vanadium appears as a definite trace in nepheline of the normal litch- 
fieldite constituents and in microcline and magnetite of the pegmatite 
minerals. 

Yttrium appears in pegmatitic nepheline and in all the rocks except 
the red syenodiorite. Its appearance in the litchfieldite is difficult to 
explain in view of the fact that it does not show in any of the normal 
litchfieldite minerals. 

Zinc is concentrated in the iron minerals. 

Zirconium shows strongly in the Grenville schist and appears as a small 
trace in the pegmatitic nepheline. 


PETROGENY OF THE LITCHFIELDITE 
ANALOGY TO ARTIFICIAL MELT 


Consideration of the genesis and history of crystallization of an igneous 
rock necessarily involves a certain amount of conjecture. Evidence is 
offered by the characteristics of an igneous rock body and less directly 
by the results of laboratory investigation of the behavior of silicate melts. 
The laboratory approach has the advantage that it allows observation of 
the process, whereas the natural occurrences of deep-seated rocks can be 
observed only as end products. On the other hand, the silicate systems 
which are suited to laboratory investigation are necessarily simpler than 
natural magmas, and many of the physical factors which must be effective 
in the natural process have not yet been duplicated in the laboratory. 
Thus, for example, the silicate systems which have been studied have 
been mostly dry melts, lacking the so-called volatiles which are believed 
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to be an integral and effective part of natural magmas. Similarly, al- 
though temperature and pressure conditions can be duplicated in part, 
the long time factor of the natural process cannot be reproduced. These 
limitations have been considered and presented by the various investiga- 
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Ficure 4.—Ternary diagram of the system Si0:-NaAl SiO.-KAISiO, 


After Bowen. X= Composition of Blue Mountain nepheline; Y = Average composition of Blue 
Mountain litchfieldite. 


tors of silicate systems and they must be kept in mind as qualifications 
to any analogy between natural magmas and artificial melts. 

The Blue Mountain litchfieldite is exceptional in that it contains a 
very low percentage of iron minerals and consists essentially of a pure 
albite, microcline, and nepheline. If calcium, magnesium, and iron be 
neglected, as being present in small amount, a reasonably good analogy 
can be drawn between the crystallization history of the intrusive in ques- 
tion and the crystallization of an artificial melt of similar composition 
which falls in a determinable position on Bowen’s (1937, p. 11) diagram 
for the “residua” system SiO.—NaAISi0,—KAISiO, (Fig. 4). 

The average Blue Mountain rock can be placed on this diagram graphi- 
cally as a mixture of albite, potassium feldspar, and nepheline. This 
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“composition vertical” intersects the gently sloping, Na,K feldspar 
fusion surface at about 1050° C., just inside the feldspar field and adja- 
cent to the nepheline field. According to this ternary diagram, a com- 
parable artificial melt would begin to crystallize feldspar at 1050° (note 
the Na,K feldspar field has not yet been subdivided), and the composition 
of the residual liquid would move toward the trough between the feldspar 
surface and the steeper nepheline surface, at which point some nephe- 
line would begin to crystallize, and the composition of the residual liquid 
would move toward the low point of the trough at 1038° C. At this 
point the remaining liquid should crystallize as nepheline and feldspar. 

This interpretation is simplified in that it neglects the factor of 
solid <5 liquid reaction in the plagioclase feldspar series. This omis- 
sion is partially justifiable, since there is no zoning of plagioclase or 
other evidence of the reaction in the natural occurrence and since the 
calcium percentage of the rock is extremely low. Of course the absence 
of zoning may simply indicate that reaction has been complete. 

The two outstanding features of crystallization of the analogous artifi- 
cial melt are that the feldspars begin to crystallize before nepheline and 
that crystallization takes place over a relatively narrow temperature 
range. This sequence is in agreement with the evidence offered by the 
textural relations of the minerals of the litchfieldite—namely, that nephe- 
line is in part interstitial to the feldspars and forms replacement inter- 
growths which suggest that it crystallized after the feldspars. 


SIGNIFICANCE OF MINERAL DISTRIBUTION 


Evidence of volatiles in the natural occurrence is furnished by the 
presence of such hydrous minerals as muscovite, biotite, and hastingsite, 
and by the development of muscovite halos around corundum. This 
latter point suggests that the action of volatiles has been most effective 
in the late stages of crystallization. 

It may be further noted that biotite is below the amphiboles in Bowen’s 
reaction series (1928, p. 60), and muscovite is below biotite. This seems 
to signify, then, that the solid = liquid reaction proceeded farther 
near the borders of the intrusive, so that hastingsite was made over to 
biotite. This leads to the inference that the border zone must have 
been liquid or at least active after the central part of the mass had solidi- 
fied. Since in crystallization uninfluenced by the action of hyperfusibles 
one would expect the borders to be solidified before the center, the ob- 
served mineral distribution constitutes presumptive evidence that vola- 
tiles have influenced the course of crystallization and prolonged the active 
stage near the borders. This interpretation is supported by the absence 
of border chill zones. 
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The observed concentration of albite toward the edges of the intrusive 
is not inconsistent with this theory, since it is to be expected that volatiles 
become sufficiently concentrated to be effective only in the last stages of 
crystallization. The early crystallization of feldspar, as suggested by the 
analogy to an artificial melt, would thus be unaffected by the action of 
hyperfusibles and is rather to be considered as the most probable cause 
of the concentration of volatiles in the residual liquid. The albite max- 
ima toward the outside of the intrusive probably signify that crystalli- 
zation began near the borders where cooling was more rapid and that 
albite thus had a longer period of crystallization here than in the center 
of the mass. 

THEORIES OF ORIGIN 

The theories of origin of alkaline rocks deal with the possible processes 
by which an alkaline magma might be developed from one of the more 
common magma types—granitic or basaltic magma, for example. 

The characteristics of the Blue Mountain intrusive all suggest that 
the magma was alkaline at the time of intrusion and had a composition 
approximating that of the average rock as we now find it. The observed 
variations can all be reasonably attributed to crystallization of such a 
liquid. Therefore, the locus of origin of the alkaline magma and the 
evidence as to mode of origin are considered to be outside of the immedi- 
ate zone of observation. 

The theories which have been proposed are based variously upon 
crystallization (Bowen, 1928, p. 234), limestone desilication (Daly, 
1918, p. 97), and upon enrichment in alkalies and alumina by late mag- 
matic emanations (Gillson, 1928, p. 473) (a process analogous to albi- 
tization). 

It seems of little value to discuss the relative merits or the evidence 
in favor of each of these, but some reference may be made to the lime- 
stone syntexis theory since this has been specifically proposed to explain 
the origin of the alkaline rocks of central Ontario. Shand (1930, p. 415) 
has pointed to the alkaline rock bodies of the Haliburton-Bancroft area as 
typical examples of feldspathoid rocks developed from granitic magma 
by desilication resultant from the syntexis of limestone. 

Areally the case for this theory looks plausible since most of the alka- 
line intrusives of the area lie along or near the contact between the 
granite and the crystalline limestone of the Grenville series. The Blue 
Mountain intrusive is an exception in that the nearest exposed lime- 
stone is half a mile from the alkaline rock mass. 

Considering the Haliburton-Bancroft alkaline province as a whole, 
two objections to the limestone syntexis theory can be raised: (1) the 
granites which the theory supposes to react with limestone to produce 
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alkaline rocks are considerably younger and intrusive into both the alka- 
line rocks and the limestone; (2) there is no evidence at the observed 
contacts of a desilication reaction between alkaline rocks and limestone 
or between granite and limestone. At the granite-limestone contacts, 
granular and gneissic pyroxene or amphibole rocks are produced, but 
there is no consequent or related development of an alkaline rock from 
the adjacent granite. The writer’s observations agree with those of 
Adams and Barlow in this respect. With reference to a contact between 
the Methuen batholith and the crystalline limestone, they say, 


“.. the granite retains its normal character up to the contact and at the same time 
changes the limestone into a rock having the composition of a gabbro.” (Adams 
and Barlow, 1910, p. 110). 

With regard to the first objection—namely, the age difference between 
the granitic rocks and the alkaline rocks—the writer examined all the 
known bodies of feldspathoid rocks in the Haliburton-Bancroft area. 
These examinations were less detailed than that at Blue Mountain, but 
the observations all support the contention that the relationship is the 
same as at Blue Mountain—that is, the granitic rocks are younger. 
Evidence of this relationship at Blue Mountain is presented in the sec- 
tion on “Geologic Setting,” and the field evidence is supported by the 
determinations of radioactivity, which suggest an age difference between 
the alkaline rock and the granite of the order of 500 million years. 

With reference to the second objection to the limestone syntexis theory 
—namely, the lack of evidence of the desilication reaction—it must be 
admitted that few good contacts were observed between alkaline rock 
and limestone. A few of these were encountered, however, as well as 
limestone inclusions, and the contacts typically show coarse crystals of 
nepheline and feldspar with crystal faces developed against the lime- 
stone. Coarse biotite crystals and magnetite were also observed, but 
these are not in greater proportion than in the alkaline rock away from 
the contact. In places small veinlets and irregular masses of sodalite 
are developed adjacent to the limestone inclusions. 

Proponents of the syntexis theory (Shand, 1939) maintain that it is 
not necessary to the theory that contacts show the development of calcic 
silicates as evidence of the desilication reaction, since the magma may 
have been desilicated at greater depth by limestone syntexis, and there- 
fore incapable of further reaction. In reply to this it may be noted that 
limestone inclusions with relations similar to those described were ob- 
served in rocks varying from types consisting predominantly of albite 
and potassium feldspar to types containing over 80 per cent of nephe- 
line. If the former type had reached a stage where it could no longer 
react with limestone, it seems difficult to explain how the more alkaline 
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type, high in nepheline, could be developed by the same desilication 
process. 

No limestone inclusions were encountered at Blue Mountain, but some 
specimens contain calcite, apparently as a primary constituent, or at 
least as a constituent which crystallized with the primary minerals. 
Here again there is no evidence of a reaction between the carbonate and 
the alkaline magma. 

A possible explanation of the lack of evidence of reaction may lie in 
the suggestion made by Daly and elaborated by Foye (1915, p. 424) for 
the area under discussion, that the limestone desilication may occur in 
one place and the volatiles resultant from the reaction may effect a 
transfer of alkalies and alumina and concentrate these in- cupolas of 
the magma chamber. This conception is fundamentally not very dif- 
ferent from that of Smyth (1927, p. 473) and Gillson (1928, p. 473), 
who suggested the possible concentration of alumina and alkalies by 
volatiles but considered the effective volatiles as juvenile rather than as 
produced by reaction with limestone. 

Additional reference may be made to the work of Foye, since he studied 
two of the alkaline rock bodies of the area. Foye showed an apparent 
similarity between the proportions of oxides added to limestone at granite 
contacts to produce amphibolite and the proportions of oxides in some 
of the nepheline-bearing rocks. From this he deduced that the amphibo- 
lite and the alkaline rock were probably formed by the same agents— 
namely, volatile emanations from the granite. The weakness of the 
comparison lies in the fact that both the amphibolite and the alkaline 
rocks vary widely in oxide proportions from those chosen by Foye for 
comparison. 

Foye (1915, p. 434) states that 
“The nepheline syenites ...are transitional to granite pegmatite through the 
intermediate stage of red syenite.” 

Observations of the present writer are in disagreement with this state- 
ment. In all occurrences observed during the present investigation, the 
red syenite and syenodiorite which in places border the nepheline-bearing 
rocks are contact phases of the granite and are intrusive into the alka- 
line rocks. 

We may conclude that, except for the areal relationship between 
feldspathoid rocks and limestone in the Haliburton-Bancroft belt, the 
field observations do not strongly support the limestone syntexis theory 
of origin in preference to other theories which have been suggested. At 
Blue Mountain the age difference between the alkaline intrusive and the 
granitic rocks is so great as to preclude any genetic relationship between 
them. 
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SUMMARY AND CONCLUSIONS 
RESUME OF FIELD RELATIONS AND PETROGRAPHY 


The Blue Mountain alkaline mass is a large irregular stock, min- 
eralogically variable but comparatively uniform chemically. It is in- 
trusive into hornblende-biotite schist and was guided in its emplacement 
by the pre-existing structure of the schist. The original physico-chemical 
condition of the magma and its history of solidification were such that: 


(1) The intrusion had slight apparent effect on the enclosing rocks, 
except possibly to induce a transformation from biotite to hornblende 
immediately adjacent to the contact. 

(2) There is no evidence that the enclosing rocks effected a composi- 
tional change of the magma. 

(3) On the surface the igneous mass has a faint gneissosity near its 
borders but in the center it appears massive and structureless. 

(4) The rock is texturally uniform, and there is no apparent chill 
zone at the borders. 

(5) In section, at the quarry near the southern extremity of Blue 
Mountain, the intrusive shows a large scale curved “pseudo-bedding” 
structure, concave downward. 

(6) There are no cataclastic structures or other microscopic evidence 
of movement or deformation during crystallization. 

(7) The solidified mass consists predominantly of albite, nepheline, 
and microcline in order of abundance. 

(8) Albite is slightly more coarsely crystallized than the other two 
principal minerals. It occurs characteristically in unzoned, subhedral 
crystals. 

(9) Nepheline is interstitial to albite and microcline and in part follows 
grain boundaries of the feldspars; it replaces albite along its cleavage 
planes to form graphic intergrowths. Similarly, but less commonly, 
nepheline replaces muscovite. 

(10) Albite and microcline form perthitic intergrowths of a replace- 
ment type. 

(11) Magnetite and ilmenite occur both separately and as coarse 
bladed intergrowths. 

(12) Albite is more abundant at the borders of the mass and in off- 
shoots from the main body. Microcline and nepheline are most abundant 
toward the center. 

(13) The central part of the main stock is characterized by hasting- 
site, while the outer zones and salients are characterized by biotite and 
muscovite. Hastingsite and the micas are mutually exclusive. 
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(14) Corundum has undergone a deuteric alteration to muscovite and 
encloses oriented laths of ilmenite or hematite. 

(15) Cesium, lanthanum, niobium, titanium, and zinc have been con- 
centrated in the high iron minerals, and chromium in the low iron min- 
erals. 

(16) Gallium is concentrated in nepheline, magnetite, and corundum. 

(17) Zirconium and yttrium are concentrated in pegmatitic nepheline. 


CONCLUSIONS 


(1) The characteristics of the Blue Mountain intrusive—namely, its 
chemical uniformity, the relationship between mineral variations and 
intrusive borders, and the lack of evidence of interaction between the 
intrusive and the invaded rocks—all indicate an alkaline magma with 
a composition approximating that of the average rock as we now find it. 

(2) The large age difference between the litchfieldite and the exposed 
granitic rocks at Blue Mountain precludes the possibility of a genetic 
relationship between them. 

(3) Data offered by the present study are considered as permissive 
evidence for the theories which postulate an origin of alkaline rocks 
dependent upon crystallization differentiation or upon concentration 
of alkalies and alumina by volatiles. 

(4) Except for the apparent areal relationship between feldspathoid 
rocks and the granite-limestone contact in the Bancroft belt, there is 
no evidence of the development of alkaline rocks by limestone desilication 
of a granitic magma. It is suggested that further age determinations be 
made on the granitic rocks of the belt. If these are the same age as the 
Methuen batholith—that is, considerably younger than the feldspathoid 
rocks—the localization of the latter near the granite-limestone contact 
must be attributed to similar structural control of the alkaline and 
granitic intrusions rather than to any genetic connection. 
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ABSTRACT 


The Capitol Reef region which includes the recently established Capitol Reef 
National Monument exhibits in general the stratigraphic, structural, and physio- 
graphic features of the Colorado Plateau Province. In the canyons of Fremont 
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River all the Triassic and Jurassic formations elsewhere exposed in southern Utah, 
likewise the displacements caused by the Water Pocket Fold and the Thousand 
Lake fault, are well displayed. Special local features are the thinness of the Chinle 
and Shinarump, the presence of much sandstone and limestone in lower Triassic 
beds heretofore classed as Carboniferous, the unusual composition of the San Rafael 
group, and the extensive surfaces of erosion about 300 feet above present drainage 


channels. 
GEOGRAPHIC OUTLINE 

Capitol Reef is the dominating topographic feature of central Wayne 
County, Utah—a region of intricately dissected brightly colored sedi- 
mentary rocks, of cliff dwellings, and of specialized vegetation that, 
because of its isolation and unsuitability for agriculture, has attracted 
little attention. Reconnaissance surveys have shown its geologic inter- 
est—Triassic and Jurassic strata exceptionally well displayed, major 
structures clearly outlined, and physiographic features in many stages 
of development. Within an area of some 90 square miles much of the 
pre-Tertiary geologic history of the Colorado Plateau province is pre- 
sented for study, and near at hand are the Tertiary sedimentary forma- 
tions, the lavas, and the Pleistocene deposits of Thousand Lake Moun- 
tain and Aquarius Plateau. Preliminary surveys have shown that the 
region is attractive also for archeological studies. Ruins and well-pre- 
served structures of Basket-Maker and Pueblo types occupy wall niches 
in canyons tributary to Fremont River; petroglyphs are common; and 
near Torrey many skeletons in shallow graves mark the site of an 
unrecorded battle or an epidemic. The numerous artifacts in private 
and public collections show phases of aboriginal culture not so well 
known elsewhere. The reports of these surveys supplemented by enthusi- 
astic accounts of local residents and of travelers in search of the unusual 
led to the establishment in 1937 of the Capitol Reef National Monument, 
comprising 57.5 square miles, with proposed headquarters at Fruita. 

A general view of the Monument in its relations to the Henry Moun- 
tains, the Water Pocket fold, the Fremont River, and the High Plateaus 
may be had from the Federal highway that crosses the Awapa Plateau 
and descends into Rabbit Valley. The extension of this road through 
Loa, Bicknell, Torrey, Fruita, and by a roundabout course to Cainesville 
and Hanksville affords access to the rough terrane that gives the region 
its special character. From Torrey to Fruita the unpaved road runs 
north of the impassable upper Fremont Canyon, locally known as “Granite 
Gorge”. It traverses beautifully carved and colored dry gulches, areas 
of grotesque goblin rocks, and for long distances has a natural pavement 
of bare “wash board” sandstone. For much of the distance it is bordered 
by the beautiful Fluted Wall, through which pass the sharply cut gulches 
that drain the mesas bordering Thousand Lake Mountain. East and 
south of Fruita is the region of deep canyons, great cliffs, towering mesas, 
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and pinnacles cut from the upturned Capitol Reef. Grand Gulch with its 
great stone arches and “echo halls”, Capitol Gorge, more than 1000 feet 
deep and barely wide enough for the passage of vehicles, and the natural 
bridge in Bridge Canyon are features of particular interest. From the 
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Ficure 1—Outline map of the Capitol Reef region 


Based on work of the U. S. Land Office (available for about one-tenth of the area) and on 
sketches by the U. S. National Park Service. Regional altitudes determined by the Powell Survey 
(1875); the altitude of Fruita by the Coast and Geodetic Survey (1934). 


mouth of Capitol Gorge and extending eastward to the Henry Mountains 
is a glorious expanse of “‘painted desert”, minutely carved into “badlands” 
(Pl. 5, fig. 1). 

The region is poorly supplied with water. Fremont River and Pleasant 
Creek, both heading in timbered highlands, are the only usable perennial 
streams. Sulphur Creek and other intermittent tributaries to the Fre- 
mont are in part alkaline. A few weak springs issue from the base of 
the high cliffs, and a spring at the head of Cove Canyon, in a rare setting 
of ferns, box elder, and oak supplies water for a tiny short stream. 

The climate of the region is arid and characterized by long hot sum- 
mers and cold winters. The mean annual rainfall at Loa is 7.39 inches 
and at Hanksville 5.41 inches. For these stations the average maximum 
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temperatures are respectively 60.3° and 70°, the average minimum tem- 
peratures, 24.3° and 32.8°, and 81 to 146 days without frost. As in 
other parts of the plateau region, the ranges in precipitation and tempera- 
ture are great, and the changes sudden. Loa records temperatures of 106° 
to 110° in summer and —37° in winter, annual rainfalls of 3.5 to 14.91 
inches, which, during the wettest month—August—range from 0.12 to 
3.76 inches. At Hanksville the maximum and minimum temperatures are 
112° and —35°, the range in annual precipitation 2.70 to 8.77—for August 
0.4 to 2.44 inches. Snow falls are expected at Loa during 8 months of 
each year and for a shorter period at Hanksville. Irrigation is necessary 
for agriculture. About Torrey, Teasdale, and Loa the climate is suitable 
for the growth of wheat, oats, and most garden vegetables. At Fruita 
peaches, plums, and apricots are profitably grown, and Hanksville is a 
commercial source of fruit and melons. 

The natural resources of the Capitol Reef region seem first to have 
been known in June 1874 when a party of 17 men headed by Andrew 
Jackson Allred explored the country between Fish Lake and the Aquarius 
Plateau—an area of grass lands crossed by a “clear swift stream” and 
surrounded by high plateaus. To the lowlands extending northwest of 
the present Bicknell they gave the name Rabbit Valley, “because there 
was an abundance of rabbits.” In 1875 Allred, accompanied by William 
Morrell, Daniel Brian, and others established the settlement of Fremont; 
and, near the present Loa, Hugh Jefferson McClellan and his associates 
built dwelling houses and corrals. These pioneers gave the name Fremont 
to the nearby river, which, when traced to its junction with the Colorado, 
proved to be the stream dubbed “Dirty Devil” by Powell (1869). In 
1883 Loa was established as a post office, named after the voleano Mauna 
Loa, Hawaii, by Franklin W. Young, a returned missionary. In 1880 
settlements were established at East Loa (Wilmoth), renamed Lyman 
(1893) for Apostle Francis M. Lyman; Giles (1880) named for Bishop 
Henry Giles, abandoned 1910; Thurber (1875) named for A. K. Thurber, 
the pioneer stockman, renamed Bicknell (1914) for Thomas W. Bicknell 
who presented the town with a library; Teasdale (1882) for Apostle 
George Teasdale; Grover (1880) named for President Grover Cleveland; 
Cainesville (1880) named for Congressman John T. Caine; Hanksville 
(1880), originally Graves Valley, named for Ebenezer Hanks. A scat- 
tered group of ranches (1876-1889) on Poverty Flat was organized as 
a Church Ward (1889) known as Central, Poplar, or Bonita, and finally 
(1898) named Torrey in honor of Colonel Torrey, an officer in the 
Spanish-American war. Fruita was chosen as a squatter claim by 
Franklin D. Young (1878), transferred to Samuel Rogers (1879?), and 
recorded as a home site by Niels Johnson (1880). Outside the Fremont 
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Valley, ranch settlements were founded on Pleasant Creek at Pleasant 
Creek (1883) renamed Notom (1895) and near the mouth of Tantalus 
Creek (1884), the present Floral (Bullard) ranch. At the mouth of 
Oak Creek the squatter holdings of Enoch Larson (1883?) were developed 
by William Bown (1906)—the present Bown Ranch. On account of 
floods in Fremont River the town of Aldrich above Cainesville, founded 
in 1883, has been abandoned, and elsewhere along canyons once-prosper- 
ous farms are now represented by ruins of stone houses. 

Wayne County, previously part of Piute County, was organized in 
1892 and named in memory of his deceased son by Willis E. Robinson, 
then a member of the Utah legislature. From the date of its settlement 
it has been primarily a stock range; the farm lands served chiefly as a 
source for winter fodder. As listed in the census for 1930 agricultural 
lands in the County comprise only 54,966 acres of a total 1,584,000 acres 
of which 15,000 acres is crop land, including 11,966 acres watered by 
irrigation ditches. Of the grazing lands 156,467 acres are classed as 
national forests, the remainder as “free range” and “desert”. The number 
of cattle in 1930 is reported as 6120 and of sheep 33,959, with an assessed 
valuation of $129,690.00. Undeveloped resources are coal lands and 
forests. Mining has proved unprofitable. In 1900 the County had a 
population of 1907; in 1910, 1749; in 1920, 2097. Statistics for 1930 
show a population of 2067, or 0.8 per square mile. Within the Capitol 
Reef National Monument the only settlement is Fruita, with a popula- 
tion of 43 (1937). 

Part of the Capitol Reef region has been surveyed by the General 
Land Office and the Forest Service, and in generalized form the topog- 
raphy is shown on maps issued by the Wheeler Survey (1875) and the 
U. S. Geological Survey (1875), and on a relief model reproduced by 
Gilbert (1877), but maps on which the few streams, the many dry 
washes, and the great cliffs, domes, and canyons are adequately repre- 
sented remain to be made. 

In the absence of official maps the use of place names in the Capitol 
Reef region has not been consistent. For Pleasant Creek, the name given 
by Thompson (1872) and now in general use, Gilbert (1877) and Dutton 
(1880) substituted Temple Creek. Tantalus Creek, recorded on the 
map of the Forest Service as a branch of Pleasant Creek, is shown by 
Wheeler (1875), Gilbert, and Dutton as a stream from the Aquarius 
Plateau that enters Fremont River near Cainesville. In accord with 
local usage the Land Office map shows this stream as Sand Creek and 
upper “Tantalus Creek” as Oak Creek, the chief tributary to Sand Creek. 
The intermittent stream that enters the Fremont River at Fruita, named 
Corral Creek by Gilbert and locally called Sand Creek (upper part), or 
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Sulphur Creek (lower part), is listed on the map of the Powell National 
Forest as Sulphur Creek. A second Sulphur Creek is shown as a tributary 
to Pleasant Creek, and a third as a branch of Sand Creek above Bown 
Ranch. Pending decisions of the Board of Geographic Names it seems 
appropriate to adopt the terminology of the Forest Service and to choose 
new names for a few features not heretofore shown on maps. (See Fig- 


ure 1.) 
SCIENTIFIC EXPLORATION AND SURVEYS 


On his fifth expedition to California, General John C. Fremont dis- 
covered the river dubbed “Dirty Devil” by Powell (1869), now appro- 
priately known as the Fremont. Early in February 1854, he traversed 
the canyons between the present Cainesville and Fruita, crossed the 
broad valley floors about Torrey and Teasdale, and continued southwest- 
ward across the High Plateaus to Parowan, thus marking out a new route 
through central Utah. On this hurried trip a few general observations 
were recorded. 

The first scientific traverse of the Capitol Reef region was made by 
Thompson (1875), Chief Geographer of the Powell Survey. On his 
exploring expedition from Kanab to the mouth of the Dirty Devil (1872) 
Thompson outlined the principal plateaus, ridges, and canyons in the 
Escalante and Fremont drainage basins and determined the position of 
the “Unknown Mountains” (Henry Mountains) sighted from the Colo- 
rado River the previous year. He named the Aquarius Plateau, Escalante 
River, Pine Creek, Boulder Creek, Tantalus Creek, and Pleasant Creek— 
“a clear stream flowing through groves of Cottonwood, and entitled to 
the name we gave it.” 

The pioneer geologic worker in this region was Howell (1875), who 
classed the sediments along the Fremont River as Cretaceous, Jurassic 
(500 feet thick), and Triassic (1700 to 1900 feet thick), and supported 
his descriptions by stratigraphic sections in which most of the formations 
established by later studies can be recognized. In Howell’s Cretaceous 
the “slate colored shales’, “conglomerate”, and “sandstone” would nowa- 
days be termed Mancos (or Tropic?) and Dakota (?). In his Jurassic 
the San Rafael group is for the first time outlined, and its age determined 
by fossils. In the Triassic as treated by Howell “the two upper mem- 
bers, . . . usually soft, massive, cross-bedded sandstones” are Navajo 
and Wingate, the “variegated marl” is Chinle, the “conglomerate beds” 
Shinarump, and the chocolate-colored arenaceous, gypsiferous shales that 
constitute a “lower line of Triassic cliffs” comprise the Moenkopi in part. 
No Carboniferous beds were mapped. In connection with his strati- 
graphic studies, Howell recorded the salient structural features of the 
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region between the Aquarius Plateau and the Henry Mountains. (See 
Figure 2.) 

En route to the Henry Mountains, Gilbert (1877) traversed the Capitol 
Reef country in 1875. His route was the present highway through Torrey 
and Fruita, thence southward to Pleasant Creek which offered a prac- 
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Figure 2.—Generalized cross section of the Capitol Reef region along Fremont River 


Thickness and dip of strata roughly approximate. m, Moenkopi; s, Shinarump; ch, Chinle; 
w, Wingate; k, Kayenta; n, Navajo; c, Carmel; usr, San Rafael group above the Carmel and 
Morrison; mc, Mancos. Length of section approximately 18 miles. 


ticable passage eastward. He confirmed the observations of Thompson 
and Howell that the fold crossed by the Fremont River is the northern 
continuation of the Waterpocket Fold and ends at Thousand Lake Moun- 
tain. In conformity with his treatment of the sedimentary series about 
the Henry Mountains, Gilbert assigned the uppermost strata in the Cap- 
itol Reef region to the Cretaceous ({Henrys Fork group)', the lowermost 
to the Carboniferous (Aubrey sandstone), and the intervening beds to 
the “Jurassic-Triassic” comprising four subdivisions: +Flaming Gorge 
group (San Rafael group and part of the Morrison), fGray Cliff group 
(Navajo sandstone), {Vermilion Cliff group (Kayenta, Wingate, sand- 
stones of Chinle), and Shinarump group (Moenkopi and shales of Chinle). 

Dutton (1880), who traversed the plateau country in 1875 and 1876, 
gave a picturesque account of Thousand Lake Mountain, Rabbit Valley, 
and Aquarius Plateau. His generalized descriptions of the regional phys- 
iography are the first on record. 


“The slopes of the Awapa all converge towards a central depression called Rabbit 
Valley. . . . On every side the valley is girt about by imposing masses; on the north 
and west by the slopes of the Awapa, and on the south by the Aquarius. Its floor 
is a broad alluvial plain, receiving the wash of all the surrounding uplifts, and 
carrying a noble stream. which is fed from all directions by rivulets which have 
brought down their loads of débris, and reaching the nearly level bottom, have 
deposited it. ... The accumulation of detritus through the ages has produced a 
broad expanse of alluvial plain through which the Fremont River meanders, and 
nothing but a moist atmosphere is wanting to make this valley an Eden. . . . The 
river leaves the valley through the great gap between the mountains and the 





14 dagger (t) preceding a geologic name indicates that the name has been abandoned or rejected 
for use in publications of the U. S. Geological Survey. 
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Aquarius, and the passage has been named the Red Gate. Thence it flows off into 
the heart of the Plateau Country, reaching the Colorado by a profound cafion. . . 
At the base of the Thousand Lake Mountain, the Shinarump shales form a broad 
platform or terrace skirting the southeastern flank, and ending in a beautifully 
sculptured cliff about 600 feet high, eminently characteristic of the formation. . . . 
The colors are such as no pigments can portray. They are deep, rich, and variegated, 
and so luminous are they, that light seems to flow or shine out of the rock rather 
than to be reflected from it.” (See Pl. 1.) 

In Dutton’s descriptions of the stratigraphic series the chief subdivi- 
sions of the Cretaceous, the Jurassic, and the Triassic are readily recog- 
nized, but the treatment of the Carboniferous is somewhat confusing. In 
his report on the High Plateaus Dutton mentions an extensive exposure 
of Carboniferous, “on the northeastern flank of the Aquarius Plateau”, 
but on the accompanying geologic map (atlas sheet 2) no rocks of that 
age are shown. In a later report (Dutton, 1882) he maps a broad belt 
of Carboniferous, bordered in part by Permial and in part by Triassic, 
extending from Pleasant Creek across the Fremont River near Fruita and 
northward into Rabbit Valley. 

In connection with his survey of the Waterpocket Fold, Gregory (1931) 
in 1918 measured sections in Pleasant Creek, Tantalus Creek (Sand-Oak 
Creek), Capitol Gorge, and upper Fremont Canyon, and collected fossils 
from the Triassic (Moenkopi), the Jurassic (Carmel), and the Cretaceous 
(Tropic) formations. 

In two complementary papers, Dake (1919; 1920) outlined the sequence 
of formations in the Capitol Reef region and their relation to correspond- 
ing strata elsewhere in the Plateau country. In measured sections he 
recognized as formations ,McElmo (upper McElmo, Salt Wash member, 
lower McElmo), Navajo sandstone, Todilto sandy shale, Wingate sand- 
stone, Dolores, Shinarump conglomerate, Moenkopi, Kaibab limestone, 
and Coconino sandstone. Near the base of his McElmo at Thousand 
Lake Mountain he found Pentacrinus whitei, Camptonectes platessi- 
formis, and Trigonia quadrangularis and correctly concluded that the 
Utah marine Jurassic lies above the ¢La Plata (Glen Canyon group) 
and is not the equivalent of his Todilto (Kayenta) as thought by Emery 
(1918), Lee (1918), and others. 

The present paper is based on observations recorded in 1918 and on 
brief surveys made in 1935 while the proposal to set aside the “Wayne 
Wonderland” as a National Monument was under consideration and in 
1937 after Capitol Reef National Monument had been created. Thanks 
are due to P. P. Patraw, Superintendent of Zion National Park, under 
whose auspices the investigations were made, to the Church of Latter 
Day Saints, which generously made available its store of historical data, 
and to Mr. E. P. Pectol, of Torrey, and Mr. W. C. Chestnut, of Fruita, 
whose knowledge of local geography and pioneer life proved helpful. 
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STRATIGRAPHIC SECTIONS 


1. Section in Fremont Canyon, including the base of the cliffs at Fruita. 


Shinarump conglomerate Feet 


Sandstone, coarse and disorganized aggregates of clay, quartz, and 
quartzite pebbles and petrified wood.....................0e cee eees 


Unconformity : eroded surface 


Moenkopi formation 


ee Sie ae a Eos oh fhe ee a oo ee orks cael ts 22 
37. Shale, dark reddish brown, gypsiferous; similar to no. 36 except 
white zones few and inconspicuous; at the top 10 inches of cubically 
SOE CBCLE EOOMN AUOBUOING 1550 5 oes Sid Bi eho seo es 125 
36. Shale, chocolate colored on weathered slopes, banded light red and 
white ; secondary veinlets and thin white horizontal bands of gypsum; 
includes lenses of chalky limestone.....................00c cee eeeee 212 
35. Shale, chocolate colored, gypsiferous and sandy; three ripple-marked 
beds of fine-grained brick-red sandstone that form terraced ledges 
on shale slope ..... PERSE Meee ne Pet oer era ey ate chee ee 19 
34. Shale and sandstone, dark red; in about equal amounts in alternating 
beds; shale soft, easily weathered, contains some gritty layers; sand- 
stones fine grained, argillaceous, gypsiferous; ripple marks and mud 
cracks common; at the top dense, hard sandstone bed 3 to 10 inches 
thick; breaks into rectangular blocks......................0e0e sees 33 
ORRIN ENG HD: 90)... 5.6 5.0nlecre st seta nen Send cee eae 10 
32. Sandstone, dark red, extremely fine grained; lime and gypsum 
cement; includes thin layers of wavy. ripple-marked shale; forms 
PRIME Cis nd sehr tae sas Adds FO MER ee sare this Be LEM ee 42 
31. Sandstone, gray, buff; pink on surface; wavy lenticular beds; cross- 
bedded; lime cement; abundant tiny aggregates of asphaltic material 15 
30. Sandstone, red, gypsiferous; lime cement; fine-grained; forms strong 
De Beek a ccined ew ws Ashe Re ayia Oiste WeeStAs SE AAG WES eR ate 30 
29. Sandstone, red, and shale, chocolate colored; thin bedded; promi- 
nently — marked; alternating sandstone and shale produce 


Se a rir ae tr Sao Ai ar ieetr ag  tr a a a a 28 
28. Sandstone, brick red, weathers to light red; fine grained, argillaceous, 
gypsiferous; oo a rd a 20 
27. Shale, chocolate colored, thin bedded, gypsiferous, sandy........... 12 
26. Limestone, buff, finely crystalline, thinly bedded, ripple marked; 
thickens along strike to 6 feet; fragmentary fossils................. 2 
25. Shale, chocolate colored, gypsiferous; in thin platy beds; includes 
a few irregular layers of compact limestone %4 to % inch thick...... 14 
oa, Lamestenn; Tine araimed: lke NO: Ba: oiiccs 5. cas nied cee is dace Ces 4 


23. Shale, green and purple, with few thin beds of argillaceous limestone 

and some gypsum; beds wavy on surface; forms slope; near the top 

a bed of limestone 8 inches thick...............0..00cccceeeucseues 10 
22. Limestone, medium to thin bedded, blue gray, tan on weathered sur- 
faces; massive; includes several 1-inch layers of sandy shale; upper 
4 feet heavily impregnated with black petroleum in shell-shaped cav- 
ities; fossiliferous; forms ledge broken into square blocks.......... 19 
Limestone, medium to heavy bedded; base like no. 19; aove it 
regular beds of dense buff limestone and alternating beds of lime- 
stone and shale; fossils in two zones near the top; forms vertical 
Ee st Sik aes ST Ans Sd a ES bp a IL when hed 95 
20. Shale, gray and red, calcareous; weathers as shelf sebeiasticee no. 

19; nodular broken ledge on MME. 0 ee 4% 


21. 


— 








1836 





GREGORY AND ANDERSON—CAPITOL REEF REGION, UTAH 


Moenkom formation 


19 


18 


17. 


16. 


15. 


14. 
13. 


12. 


11. 


10. 


. Limestone, yellow buff, argillaceous; dense; forms massive blocks; 

at -seremeded MU TONKS WDIETOUS, «ooo... dikc cceeccsccecsecss 
. Shale, chocolate and red, gypsiferous; red zone between two lime- 
stones largely covered with talus... .............0cscssccsssccccccos 
Limestone, buff to gray, argillaceous; thin-bedded; contains small 
chert nodules; fibrous gypsum in beds %g to 1 inch thick and in 
NE eee sor ec can wih Ae ater Loca a Arava ajh ie ois eos ass a 
Shale, blue gray, sandy, impregnated with gypsum; thin bedded; 
includes lenticular nodules of chert and limestone.................. 
Limestone, blue gray, chalky; heavy bedded to massive; generously 
mottled with siliceous geodes 2 inches in diameter; filled with calcite 
and quartz; protected areas weather into thick flaky vertical sheets; 
solution channels and weathered cavities covered with a fluffy coat- 
SA OE WU OE ION, x on oso wos hose nip cabin dings ssicievinvasccre 
Shale, green, sandy; much gypsum in fibrous masses and thin layers 
Sandstone, greenish gray, fine grained; tightly cemented with lime 
Se eee © i PIN TIN 6 iso 5 oso Fe nde eas vides vdece ss 
Shale, green, sandy, gypsiferous; includes a few red distorted sand 
IRI Rte ere ing ia abit at oe. hrs Sais Jus babe psa da Sc 6 
Sandstone, light buff, weathers to black; from basal coarse rounded 
to subangular quartz grains grades upward through fine to very fine 
grained sandstone; beds in middle 20 feet show waxy surface covered 
with a white fluffy gypsum crust; unit noticeable because of numer- 
ous large cavities weathered on its surface......................... 
Sandstone, gray, fine grained, lime cemented; gypsiferous; thin zone 
of mud-balls at base; includes a few thin lenses of chalky buff lime- 
stone and many small nodules of chert; weathers into soft friable 
flaky mass with irregular surface; chalklike beds weather into deep 
recesses coated with white alkaline salts; surface of rock waxy....... 


Local (?) unconformity 


9. 


~_J 


6. 
5. 


Limestone, with chert layers and nodules; limestone buff, porous. 
almost like tufa; forms top of weathered black shelf; beds slightly 
undulating; most of the numerous round quartz nodules are hollow 
and lined with minute quartz crystals; some contain black shiny 
asphaltic material with conchoidal fracture; fossils and casts........ 
. Sandstone, gray, thick bedded, cross bedded; gypsum, lime, and cal- 

cite cement; weathers into riblike beds, many of them coated with 

white bitter epsonite and crystalline halite; recessed as caves; top 

ee 
. Sandstone, cross bedded, poorly sorted; coarse and fine grains mixed; 
cement largely calcareous; lower part very hard; upper part soft and 
composed of clean fine round quartz grains; makes white crusted 
groove in cliff; at the top 1 inch of hard gray gypsiferous shale...... 
Limestone, hard, dense, buff, in beds 3 to 20 inches thick........... 
Shale, gray, mostly weathered into soft, white, magnesium sulphate 
and sodium chloride that covers the floor of small caves............ 


Local (?) unconformity 


4 


3 


2 


. Limestone, cherty in very thin beds; a persistent zone; forms floors 
of caves and pockets recessed into beds nos. 3 and 4................ 


. Limestone, shale, chert, sandstone; thin bedded; makes a concave 


groove on sandstone and limestone cliffs....................000005- 
. Limestone, buff, black on weathered surface; massive, generally 
dense, but in part spongy; microscope shows small cavities, some 
filled with asphaltic materials, some with calcite simulating shells; 
EE Toe ces te s Seinen aba aig sols sc WU SER oe anes bis sia 
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Moenkopi formation 


1. Limestone, shale, sandstone, thin bedded; weathers as concave groove 
Nie POIMMINIE Xs 6%s 5c. 0 28h 5 oreeee ie aan aot Wh See Dae ee OS 
g. Limestone, argillaceous, and cherty; very dense; includes 
many white calcite nodules, producing a mottled surface; 
efflorescence of yellow sulphur and white gypsum; at the 


top % inch of thinly laminated shale................... 4 
Fees RD. PO ck ee ei cena bag ees eastern 1 
NN RRS NNN NG ooo ss eee ise Mae ates ne Renee % 
d. Sandstone black and gray; very fine grained, evenly 

laminated; breaks readily into flakes................... 1% 
c. Shale, hard, dark gray; lenticular; petroleum odor when 

PS ATEN MOINS ee ie sc ir) sobs ad wins ou Bsc Wasinaeees % 
b. Limestone, yellow, buff on broken surfaces; thin bedded; 

thinty laminated: ArGHIACOOUN ..... oo. cis conc s hens 1% 


a. Conglomerate of ironstone, chert, and limestone nodules; 
dark brown, yellow, deep red; some iron probably marca- 
site; some short thick patches of sulphur, lime, gypsum, 
and clay; in places along strike chert represents the whole % 
MB ers e ee chies Faved GRY Sa Oe Roe POONA SER Peete PEO ES 1 


Kaibab(?) Coconino(?) 
Sandstone, yellow, black stained, cross bedded; medium-grained calcare- 
PO NINN 2 asc 8 cs Vicia Ma a otenee mS siaere cigs ase Lp atagt cals 
Neila oh eae 5 Os Cae De ees ek eae eine ree 


2. Section in Grand Gulch continued westward along Grand Wash 


Wingate sandstone 
22. Sandstone, cross bedded, massive; forms strong cliff; thickness esti- 
ee oe re goers dg se ei Rs Oe RGAE BENE oe Ur od a ae 


Chinle formation 

21. Shale (“marls”), caleareous; in part friable; much of it evenly 
bedded in groups 3 to 5 feet thick separaied by lenses of limestone 
conglomerate. Contact with the Chinle seems conformable; along 
SEE NOOR fo 5 52S SARS Ee ew RS Raa hs Re ore eek oe 

20. Sandstone, red brown, sandy; shales and nodular green limestone... . 
19. Sandstone, light red; fairly even thin beds; interbedded with red 
calcareous shale; includes three beds nodular limestone............. 

18. Limestone, green, nodular, conglomeratic with angular chert and 
quartz fragments 142 to %g inch in diameter......................- 

17. Shales (“marls”), prevailingly red and gray; includes lenticular beds 
ky SOD WUNEN UCI sons os owes a wNE caer ede ge aaa kes 
16. Limestone, pink mottled blue gray; includes calcareous concretions 
ge ba ee Serer aires Heine enumeenre HRep een wen 
15. Shales (“marls”), banded red and white; very uneven beds......... 
14. Sandstone, brown and purple; in part dense even bedded, fine 
grained; in part a series of lenses composed of shalelike sandstones 

as thin as cardboard; some beds made of overlapping mud flakes; 
others of conglomeratic aggregates of limestone, sand, clay, and con- 
cretionary iron; a conspicuous ledge that divides the Chinle into two 
ere arate ete eR re RT CL ee OTS re ee 

13. Shales, weather as “marls”; top half shades of red, lower half blue 
green, ‘brown, gray purple; very calcareous; includes lenses of “ pepper 
and salt” sandstone and pink limestone conglomerate, strings of 
concretionary clay balls, saurian bones, and undeterminable shell 
fragments; in part gypsiferous, feldspathic, and glauconitic; weathers 
STONE RE TOUICE  TROUINIE 5 cc 5c. 05 Scere cm ae h.ce talewel ean ys urea 
Gal CUCM IGE CNN» back. eo0cs ce too on bene ease ce Ue peau 


1837 
Feet 


10 


150 
1480 


320 


11 
18 








1838 





GREGORY AND ANDERSON—CAPITOL REEF REGION, UTAH 


Shinarump conglomerate 


12. 


Sandstone, white; wedge-shaped, uneven beds; generally coarse, 
few grains as much as %g¢ inch in diameter; much fossil wood—solid 
fragments, lignite, twig and leaf impressions; yellow-green and 
smoke-black areas in and about the wood mined for radium: with 
a mile along strike this bed ranged in thickness from 1 to 80+ feet; 
where thickest includes fairly regular beds of red sandstone, and 
MR ee Mn oS Ee oc hia ks Seb eM RORRRNT LEME Dea 


Unconformity 


Moenkopi formation 
11. Shales, chocolate-colored, red; very thin; beds weakly cemented with 


wo 


to 


gypsum, lime, and iron; in part imbricated; includes thin beds of 
white calcareous sandstone and gypsum........................-.. 


. Sandstone, tan and red, in wavy ripple-marked beds; splits into very 


thin slabs; calcite filling of joints persistent enough to stand as tiny 
Tne erence se eR MO ee coe ak taicsstduee ote oy 


. Sandstone, calcareous; and lenticular beds of limestone.............. 
. Shales, red and chocolate; interbedded with gray calcareous sandstone 
. Limestone, gray, dense; in beds 6 inches to 1 foot thick; some fine 


chert; in part gritty; includes small chert fragments and unidentifi- 
Eee te Rie RIV AEE i gig SA een Senco ya are ne pe 


. Sandstone, tan and gray; thinly, evenly laminated; weathers in beds 


ee ee 


. Shale, red with bands of white; not measured...................... 
. Shales, chocolate-colored and red; bedded thin as paper; very cal- 


careous; in part imbricated ; includes plasters and narrow bands of 
fairly coarse sandstone; many beds show ripple marks, rain prints, 
en UME IE CINE TY 5 oes nae vb vce ecre ce chdbeeodendesucesss 


. Shale, sandy, buff to yellow; very thin, even bedded; sandy; includes 


NE EE ers ey a eee ee ee 


. Limestone, dense in uneven beds 6 inches to 1 foot thick; one bed 


4 inches thick, mostly composed of broken and ground shell frag- 
ments; a few beds of coarse-grained calcareous sandstone; thins and 
ene E RIOD 5 5s ie hae vce Suaebneedesews be che aewers 


. Limestone, in part very arenaceous; in beds 1 to 4 feet thick, packed 


with geodes and chert concretions that constitute 40 to 70 per cent 
of the rock; many worn fragments of crinoid stems and of uniden- 
tified pelecypods on weathered surfaces; where concretions are most 
abundant rock weathers into a white powder. Thickness exposed. . 


Ce: ee eer 


Feet 


14 


200+ 


45 
30 
48 


18 


72 
30(?) 


36 


26 


3 
586 


3. Section in a tributary to Sulphur (Sand) Creek 2+ miles northwest of Fruita. 


Wingate sandstone 


Unconformity—sun-baked surface with joint cracks filled with sand supplied 
from the overlapping beds. 


Chinle formation 


A 


2. 


Sandstones and shales, red and brown; thin-bedded fairly even 
bedded; includes lenses of limestone conglomerate................. 
Sandstones, brown and red; lenticular; sporadically between beds 
are thin short lenses and flattened balls of gray clay shale; rela- 
tively resistant; forms benched ledge........................02000: 


. Shales, red brown, ene purple; white band at top; sandy, in part 


lenticular ...... tre een ee oe to, Coe Ce 


173 


16 











STRATIGRAPHIC SECTIONS 


Chinle formation 
4. Shales, ash, red, brown, greenish white, dark gray; very thin bedded, 
fine grained; weather as “marls”; individual beds overlap and change 
color in short distances; principal horizon of petrified wood that 
includes solid wholly quartzitic chunks and logs, lignite, and aggre- 
ee SE OR OO UMINE: 5 ooo oko a mais oeiea te auek ed sata eos 
UDTEMINNR fo nhs 5 routs aye ne eae oe Sener eee 


Shinarump conglomerate 
5. Nodular aggregates of fine-grained, pink and black quartzite and 
quartz sand; lenses of clay and sandy shale; much petrified wood 
containing yellow sand (carnotite) in cavities...................... 
Unconformity—wavy and grooved surface on which rests the jumbled mate- 
rial of no. 5 or in its absence the brightly colored bedded “marls” of no. 4. 


Moenkopi formation 
Shale, chocolate-colored and light red; thin gray sandstones in regular 
beds and thin wedges; weathers as angular slabs; many beds ripple 
marked; gypsum abundant as beds; cement and coating of joint faces. 
Part exposed ......... SAd Haye Vee ARCO Se Sale ee ala eee 


4. Section through Capitol Gorge 
Entrada (?) 

27. Shale, drab, arenaceous, calcareous, and argillaceous; paper thin; 
beautifully ripple marked; interbedded and cemented with gypsum; 
gypsum, white, in beds 1 to 4 feet thick, some massive or regularly 
laminated, others lumpy, nodular, and lenticular; talus made of 
chips and pancakes embedded in powdery gypsiferous sand; forms 


slope; bedrock largely concealed. 2.1. +. <<... 6:4.0 006 veh seen eeeeeesese 
e. Shale and gypsum in alternating beds ................... 6 

d. Shale, drab, mostly even bedded; includes lenses of white 
feldspathic and micaceous sandstone..................... 25 
c. Shale, red and white, sandy, gypsiferous.................. 60 

b. Gypsum, pink, in thin irregular strata; interbedded with 
Er RIO ice 35 6 he cae RES TA ee Pe esa 20 
a. Shales, calcareous, even bedded, ripple marked........... 42 

Carmel formation 


26. Limestone, tan, blue gray on fresh surfaces; dense, sandy; in beds 
2 inches to 3 feet thick that break readily into thin ripple-marked 
slabs; includes sandy layers and sheets of clay; fossils abundant; 
NPRM 5, 258 5:55) ce pine’ on eras eae wine oe ee eee ee 

25. Shale, red, sandy, and calcareous; uneven beds; crumbles readily... . 

24. Limestone, thin bedded; along strike becomes massive, highly are- 
naceous, and silty; bounded below by overlapping plasters of blne- 
gray, ripple-marked clay shale which indicates local break in deposi- 
tion; forms a slope... Soa AS Biro ak a A eae a era ere 

23. Limestone, in very thin beds; some as dense and hard as porcelain; 
imbricated, ripple-marked; abundantly fossiliferous; forms cliff.... 

22. Limestone, blue gray in thin, hard beds; very sandy; weathers as 
chips; a little gypsum in bands and lenses......................... 

ER I 950 55.5 as Sv GER 

Unconformity—wavy surface; horizontal shaly limestone beds in contact 





with obliquely cross bedded strata; plasters of blue clay and yellow 
silt. 


1839 


Feet 
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03 
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24 
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Navaj 
21 


20 


Winga 
19 


“Io © 


14. 


12. 
11. 


10. 
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o sandstone 


. Sandstone, gray, strongly and persistently cross bedded; some wedge- 
like beds taper from 6 to 2 feet; includes lenses of red sandy shale; 
topmost Navajo in places separated from main bed by arenaceous 
and calcareous shales. Thickness estimated........................ 


Kayenta formation 


. Sandstone, red; in groups of irregularly stratified, overlapping beds, 
2 to 15 feet thick; grains well sorted, cemented by calcite and iron; 
many lateral and vertical unconformities; includes lenses of red 
arenaceous shale and small plasters of limestone conglomerate..... . 


te sandstone 


. Sandstone, massive, red brown, fine grained; cross bedded in straight 
and curved lines; prominently jointed; includes thin lenticular small 
beds of finely laminated ripple-marked sandstone, siliceous limestone, 
green, red, and white sandy and gypsiferous shale, shale conglom- 
erate, and aggregates of mica and clay balls; weathers as a ledge 
marked by solution cavities; forms vertical cliff; thickness estimated 


Unconformity—surface of lower beds wavy, sun cracked, in places chan- 


neled. 


Chinle formation 
18. 
17. 
16. 
15. 


Sandstone, red, firm, calcareous; interbedded with red and pink shales 
Limestone conglomerate, green gray in many lenticular layers....... 
Shale, thin; sandstone, in beds 1 to 4 feet thick, light red............ 
Limestone, greenish; in thin hard beds and irregular conglomerate 
ISA ee ECS EE ORC EOE TORE. PRCT ein eee re Tee 
Shales (“marls”), variegated in bright colors; calcareous and gypsif- 
erous cement; includes plasters of limestone and of quartzite con- 
glomerates and small sheets of imbricated hard ripple-marked sand- 
NE eis eh bie i EAAGNe eae RANA PERI SS CORSO RIN SRR ANCA Oso 0 
. Limestone, green-white, resistant; pebbles of limestone, clear quartz, 
and chalcedony in a calcareous matrix....................00000000e 
Shale (“marls”), mainly pink and salmon.......................... 
Sandstone, brown; medium to coarse grains; imbricated cross 
bedded ; calcareous cement; locally a conglomerate of shale and sand- 
a fragments; weathers into angular chunks and slabs; forms a 
Reet a oe oe de aaah ula c ciale dea Sulgiaealad 
Shales (“marls”), light red, upper 10 feet green and purple; includes 
much limestone conglomerate and a bed 8 inches thick of green 
clay pellets; microscope shows a little bentonite and grains of feld- 
epar, on; and warnet: FOrms a BIOPE........ occ cee vce enece 
. Sandstone, hard, imbricated; like no. 11........................... 
. Shales (“marls”), yellow, red brown; like no. 10.............. Kags 
. Sandstone, gray, coarse grained; contains aggregates of calcareous 
RON see rts Slows tS nin aon on Salah ieweaisisas ba ERS GAAS Meee Fes 
. Shales (“marls”), including concretionary limestone and conglomerate 
of limestone, shale, sandstone, and quartzite pebbles............... 


5. Sandstone, red; imbricated, shaly, ripple-marked, mud cracked. . 


. Sandstone, brown, interbedded with variegated shale; fossil wood 
fragments and big logs; one stump in position 7 feet in diameter... . 
. Shales (“marls”), variegated; basal part thin hard gypsiferous sand- 
esr) NMED SORE? 5 5 oc foe os hat de eka ec debusee a ne 
Total Chinle oes pyre Seba e eee seaeen 
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STRATIGRAPHIC SECTIONS 


Shinarump conglomerate 


2. Sandstone, gray, medium to coarse grained; includes rare strings of 
quartz and quartzite pebbles less than 4 inch in diameter; petrified 
wood in form of logs, macerated twigs, and leaves; along strike 
iiisnnees vanges from 6 10 16 1606.66 ss. oc ccc ccd cece cena es eces 


Unconformity—contact a surface of erosion 


Moenkopi formation 


1. Sandstone and sandy shale, banded light and dark red, thinly, un- 
evenly bedded; consists chiefly of fine grained quartz; rare feldspar 
and mica; cement calcite and iron; more calcareous toward the base; 
gypsum common in thin, regular, and lumpy beds and dikelike seams. 
Se EE CSS os se os hair a ve Ves E SESE ela me Cones 


1841 


Feet 


10 


5. Section in lower Fremont Canyon (units 1-5; 18-30) and on Pleasant Creek 2+ 


miles north of Notom (units 6-17) 
Dakota (?) sandstone 


30. Sandstone, brown, coarse, with bands and ‘lenses of conglomerate; 
grades upward into shale beds that contain fossils identified by Ree- 
side as Exogyra olisiponensis Sharpe, Exogyra suborbiculata Lamarck, 
Qld CHU HAGCH REWOCITYE FHONION. «ow. 56. csccicacesccsetvecaceds sie’ 

Unconformity—eroded surfaces 


Morrison formation 


29. Shales, generally gray to white; crossed by wide bands of purple, red, 
and brown; very unevenly bedded; lenses 10 to 300 feet long; few 
inches to 4 feet thick of imbricated sandstone and siliceous limestone 
make shelves on the slope; small angular pebbles of quartzite and 
chert, limestone pellets, and balls of clay and iron appear as groups 
and singly; variegated shales weather to fluffy “marl” like parts of 
TEED oS tye ee rnin eee ead aceon a Micatd erate dink Serene Ceol 

28. Sandstone, coarse, in overlapping beds of various dimensions; strings 
and lenses of quartzite, limestone, and clay pebbles % to 1%4 inches 
in diameter; conglomerate lenses separated by greenish-white and 
red unevenly TIGR ON BBE osc SRS Serene Sh wa eS Bes 

27. Shale, purple, interbedded with thin gray limestone................ 

26. Conglomerate, like no. 21; changes to shale along strike............ 

25. Sandstone, gray; nearly pure fine quartz; few interbeds of gray shale 

ee Re NN 55555 clave Bosca Cag ees KONE eRe ele rE Rr Rae eR 

23. Conglomerate, of quartzite and chert; average thickness............ 

22. Shale, purple brown and gray in thin regular beds.................. 

21. Conglomeratic sandstone, chiefly angular and partly rounded frag- 
ments of chert cemented with lime; includes quartzite pebbles % 
inch in diameter, fragments of limestone, limestone concretions, and 
Sine MOUnte OF TOR GAMGBIONG oo cose Sis doa wee cin dead ocnsees 

20. Limestone, in nodular irregular beds and thin lenses; includes some 
SUSE ee iio eo chix Caaen Ree tee eT TR ERO 

19. Conglomeratic sandstone; subangular pebbles of red, brown, black 
quartzite less than % inch in diameter arranged as stringers, lenses, 
and pancakelike sheets, embedded in dense calcareous sandstone; 
top coated with clear white, red, black, and variegated chert, broken 
lenses and fragments of limestone and shale irregularly disposed... . 

18. Sandstone, white, thin, flaky, largely coarse; grains of different sizes 
arranged as stringers and flat lenses; purple shale at top............ 

PE ROTA NOI Sg sos 5 hans cae Ete tes women 2 ox okie 

Unconformity—pebbles and shale fragments of nos. 18 and 19 lie in 

channels scoured in no. 17. 
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Summerville, Curtis and Entrada formations 


17. 


Shales and sandstones, banded light and dark red, earthy; rare 
lenses of conglomerates; irregular beds..................2.020000- 


Unconformity—surface of no. 16 unevenly eroded and in places slightly 
weathered. 


16. 


15. 


14, 


13. 


(About the base of the Henry Mountains, immediately east of the 
Capitol Reef region, C. B. Hunt finds that the unconformity be- 
neath no. 17 is more persistent than the one above. He accord- 
ingly includes no. 17 in the Morrison.) 


Shale, arenaceous, calcareous, and gypsiferous...................... 
e. Shales, red, earthy, evenly bedded..................... 40 

d. Shales, gray, sandy, calcareous, thin, hard; break into 
SUNN ON Ne tele Gag Pas apne EE a AGUS mae LE bias 56 


c. Shale, generally red, sandy, very gypsiferous; series of 
regular strata interbedded with lenticular lumpy beds; 
includes limestone plasters, clay layers, and evenly bedded 


ME re ADO Ae ie aco cc che 6 hee haa eed h (ees mer 168 
Spr 2s ccc oad Sc divide DRAG ce Poke SS 3 
a. Sandstone, gray; shale gray blue, sandy, even bedded.... 4 


Sandstone, gray to tan; calcareous; lenticular beds as much as 2 
feet thick ‘separated by thin layers; ripple marked; forms protecting 
lols; thickness Varies QlONE GITIKC...... 6... ci cece cece seee 
Chiefly gray massive relatively thick and even-bedded sandstones 
and red shalelike sandstone; much gypsum in lower part; thickness 
RN sie. oe Ek ed ea tae gull pte Ana's § 35% 
Chiefly light red thin-bedded earthy gypsiferous sandstones; weath- 
ered into mounds and flat ridges; thickness estimated............... 


Carmel formation 


12. 


Limestone, gray, buff; in hard thin sheets irregularly bedded with 
clay, shale, and impure gypsum; weathers to powderlike material 
that largely conceals the outcrop....................ccccccceseeees 


10-11. Limestone, gray to white; in thin beds, some soft, chalklike, 


9. 


others dense, hard, platy; includes lenticular beds of argillaceous 
sandstone and quartz-calcite grits; fossils abundant................ 
Sasa SURRCID EM Pc cs boa 


8. Limestone, gray-white; evenly bedded in very dense layers % to % 


inch thick with smooth hard surfaces; rare worm trails and em- 
eS ere eee eee 


7. Limestone, buff, granular, sandy; thin lenticular beds, some slightly 


6. 


5. 


4. 


cross bedded; fossiliferous ; closely spaced joints at nearly right 
angles permit weathering into INES SIMO Sse da eho osc las 
Shale, red, sandy, caleareous and gypsiferous; irregularly bedded, 
spongy, nodular; absent 20 feet along strike....................... 
Limestone, blue gray; dull white on weathered surfaces; dense; beds 
1 to 3 inches thick with smooth glistening surfaces; includes some 
quartz sand and a little gypsum; forms talus of hard ‘angular chips. . 
Gypsum, dull white, granular, and massive; mingled irregularly with 
sheets, aggregates, and scattered grains of quartz sand; thickness and 
composition change in short distances along strike.................. 

RRM 5 coo oes oo ee bo SOM aee ek sor eeren oo cee 


Unconformity 


Navajo sandstone 


3. 


Sandstone, gray tan, green white at the base; in fairly regular beds; 
fine, even grained, loosely compacted; cement chiefly lime and gyp- 
sum; includes discontinuous layers of argillaceous and calcareous 
varicolored shale; some beds ripple marked........................ 


Feet 
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Ficure 1. THe onGan 
Moenkopi shales capped by Shinarump conglomerate. On Fruita-Notom road. Pifion trees at 
base of cliffs. 





Figure 2. Base or Capito, Reer 
2 miles northwest of Fruita. Moenkopi and Shinarump (foreground and lower cliff); Chinle (middle 
slope); Wingate (top). 
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Navajo sandstone Feet 


2. Sandstone, red brown; fine even grains; lenticular beds 2 to 5 feet 
thick; some beds ripple marked; includes films and thin short lenses 
of micaceous silt and aggregates of dark red clay balls.............. 16 
1. Sandstone, tan to gray; fairly fine well-rounded grains of quartz 
cemented by lime, iron, and very rare gypsum; cross bedded; roughly 
separated into layers 1 to 2 feet thick; weathers as a cliff with 
rounded edges and offset from the thick bed below. Thickness, in 


NII 5 5-555 oa vaicts SU. ehisidas Poles arg th ea Dba ae TEAS 60 
Sandstone massive, cross bedded—the main mass of the Navajo sand- 
stone. 
STRATIGRAPHY 


PRE-TRIASSIC 


Though Dutton mapped a considerable area of Carboniferous (Aubrey) 
limestone north of Pleasant Creek, Gilbert noted Aubrey sandstone in 
“the upper and lower cany :. of the Dirty Devil,” and Dake reported 
“Aubrey” sandstone and limestone in the canyon of the Fremont west 
of Fruita and also “near Torrey,” the results of the present survey agree 
with the conclusion of Howell that no beds in the Capitol Reef region are 
unquestionably of Carboniferous age. The section measured by Dake in 
Fremont Canyon that shows 957 feet of unfossiliferous Permian below 
Moenkopi “red shale” is in large part at least duplicated in the series here 
listed as “Section no. 1”, in which Triassic fossils were found at four 
horizons. It is possible that the lowermost beds in Section 1 are Permian, 
but no fossils or other features characteristic of the Kaibab were found 
in the beds extending to the bottom of the canyon—the oldest exposed 
rock in the region—and no regional unconformity. The deeply cut 

ranches of Capitol Wash and Grand Gulch expose heavy beds of chert- 
limestone that resemble the typical Kaibab and contain fragmentary 
Aviculipecten and Myalina (?), but chert is abundant also in the Moen- 
kopi, and the fossils belong to genera common to the Kaibab and Moen- 
kopi. The absence or the thinness of Permian limestone in the Capitol 
Reef region is worthy of note inasmuch as 127 to 163 feet of fossiliferous 
Kaibab is recorded in sections at Circle Cliffs 30 miles south. 


TRIASSIC 


Moenkopi formation.—In the Capitol Reef region the Moenkopi is the 
most widely spread formation, and where exposed in canyon walls, in 
mesas, and along high plateaus its color, its concordant bedding, and its 
erosion features add much to the beauty of the landscape (Pl. 1; Pl. 2, 
fig. 1). In thickness and composition it differs considerably from equiv- 
alent beds in adjoining regions and as a whole little resembles its type 
exposure in Arizona. The upper part consists of chocolate-colored shales 
and thin sandstones, attractively ripple marked and crisscrossed with 
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veins of gypsum, and thus in general appearance and mode of deposition 
duplicates the well-known outcrops in Little Colorado Valley. The lower 
part consists chiefly of heavy-bedded marine sandstones and limestones 
which have been heretofore treated as Carboniferous but rrove to be 
Triassic. Fossils from three groups of beds were determined by Girty 
(1938). From bed 21 and 22, Section 1 were obtained Myalina postcar- 
bonica, Astarte arenosa?, Aviculipecten (Monotis?) n. sp., Myalina n. sp., 
Pleurophorus? n. sp., Pteria? sp., Aviculipecten (Monotis?) aff. A. occi- 
daneous, and Natica lelia, together “with several imperfect specimens that 
apparently do not belong to the foregoing but at the same time cannot 
be identified”; from bed 9 “in abundance a small pelecypod which is pro- 
visionally referred under the genus Pleurophorus” and two small rounded 
forms that might “represent a species of Nucula”; from bed 2 “numerous 
fossils, a few of them, with high probability, belong to Myalina postcar- 
bonica.” Fossils collected in 1918 from the approximate horizon of beds 
19 to 22 of Section 1 were identified by Girty as Myalina, Pseudomonotis 
(?), Astartella, Holopea, Ostracoda?, Bakewellia, Pleurotomaria?, and 
Naticopsis. This highest fossiliferous zone in the section might be 
correlated with the Virgin limestone member as exposed in southwestern 
Utah which in composition and bedding is similar and contains the same 
fossils. However, the position of the limestone with reference to the 
“red beds” is entirely different. Regarding correlation, Girty reports that 


“The horizon of all four beds is, of course, Moenkopi. . . . 

“To present the paleontologic evidence for the conclusions stated is difficult from 
several causes. Only a small part of the varied faunas of the Lower Triassic has 
been described. Besides this they show the shape and surface markings but not 
the truly generic characters, such as the hinge structure. This is generally true 
both of the described species and of the other specimens that come before one 
for identification. Where such forms have no distinctive sculpture and are marked 
only by growth lines, many identifications are of necessity unreliable, for the only 
remaining character available for identification is shape, and it is quite possible 
for two shells to be very similar in shape and in surface if they are marked only 
by growth lines, and yet belong to unrelated genera. Such is the prevailing con- 
dition among the Lower Triassic pelecypods. Even the pectinoids which dominate 
some of the faunas, though commonly described under the genus Aviculipecten, are 
doubtful as between Pecten, Aviculipecten, Deltapecten, and Monotis. It is a 
singular fact that amongst the multitude of these Pecten-like shells one almost 
never sees a specimen that has a characteristic configuration of the right valve 
of that genus, and in fact almost all of the species of Lower Triassic pectinoids 
have been based upon left valves. For this, and several other reasons, one is 
almost foreed to the conclusion that these shells are essentially equivalve. If so, 
they could not belong to any of the three first genera mentioned above. It has 
seemed desirable to refer to these matters because of the great eg ef attaching 
to many generic and consequently many specific identifications. It will be under- 
stood that, in submitting these lists, I do so with the qualifications just outlined.” 


Such beds as 5, 8, and 10 in Section 1 that contain magnesium sulphate 
(epsomite), sodium chloride (halite), and a few clear quartz grains, but 
no gypsum, are conspicuous because of their color and mode of weathering. 
In Moenkopi sections measured elsewhere, disseminated magnesium, also 
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Ficure 1. Mancos SHALE 
Showing manner of erosion. On Notom-Cainesville road. 





Ficure 2. Upper Fremont CANYON 
Moenkopi strata. On the horizon, Miners Mountain, crest of waterpocket fold; in middle distance, 
rock terraces. View upstream from a point west of Fruita. 





Ficure 3. Basatt BouLpEers 
Stranded on Moenkopi beds by erosion of a gravel terrace. On Torrey-Fruita road. 


MANCOS SHALE, UPPER FREMONT CANYON, AND BASALT BOULDERS 
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potassium and sodium salts have been recorded but, insofar as known, 
considerable deposits of epsomite-halite are restricted to the Fremont 
Valley. 

The oil-bearing beds in the Moenkopi of the Capitol Reef region occupy 
about the same position as those in the Virgin Oil Field of southwestern 
Utah, at places along the Waterpocket fold, and at their reported posi- 
tion in the test well of the Ohio Oil Company about 3 miles west of 
Cainesville. At “Bennets oil seeps” on the Colorado River above the 
mouth of Escalante River, the oil “in the Shinarump” is doubtless derived 
from the Moenkopi. At all locations examined, the oil is in joint cracks 
and intergrain spaces of thin-bedded slightly porous sandstone and, as 
asphaltic material, in cavities once occupied by fossils in massive lime- 
stone. It is believed to have originated in the beds where it is found. 


Shinarump conglomerate and Chinle formation—The Upper Triassic 
formations along Fremont River, though clearly the equivalents of their 
type sections, present some unusual features. The Shinarump conglom- 
erate, in places friable and nearly white, includes few pebbles as much 
as half an inch in diameter; more than half of it is sandstone and sandy 
shale in fairly regular beds. The formation thins and thickens unsyste- 
matically ; within short distances a ledge 30 feet thick may be represented 
by scattered pebbles or by plasters of shaly sandstone. It is rich in plant 
remains, including not only sections and chips of logs but also twigs and 
leaves. 

The Chinle includes the brightly variegated friable shales, the red sand- 
stones, and the chert—limestone-bone—conglomerate characteristic of the 
formation (PI. 2, fig. 2; Pl. 3, fig. 1). It contains also fossil wood in logs 
3 to 5 feet in diameter, lignite, and macerated leaves. In places the wood 
has been exploited for uranium and vanadium. Unlike its expression 
elsewhere, the formation is relatively thin and lacks the usual tough basal 
sandstones. In Grand Gulch it measures 426 feet, on Sulphur Creek 350 
to 400 feet, and northward thins to less than 200 feet. In comparison 
it is 1182 feet at its type section in Arizona and even thicker in the Zion 
Park region, Utah. 

JURASSIC (?) 


Glen Canyon group.—The Wingate, Kayenta, and Navajo, which make 
up the Glen Canyon group of Jurassic (?) age, present few unusual fea- 
tures. As exposed in Capitol Reef the Wingate forms a prominent cliff 
(Pl. 4) and locally is marked by strong and prominent joints that have 
made possible the development of angular grooves and re-entrants (PI. 3, 
fig. 1; Pl. 4). The Navajo sandstone that stands as walls and buttresses 
back and above the Wingate Cliffs is continuously massive. On the back 
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slope of the Reef it has weathered into huge domes, cones, and rounded 
pyramids—conspicuous landmarks in a region of angular topography 
(Pl. 7). At the base of the domes are narrow deep pits that hold water 
throughout the year. The Kayenta is a series of overlapping lenses rather 
than continuous beds and, as elsewhere, ranges widely in thickness and 
type of minor structure. The group is separated from the underlying 
Triassic by an obvious erosional unconformity and from the Jurassic 
above by a slightly eroded surface and miscellaneous sediments that mark 
the division between terrestrial and marine deposits. 


JURASSIC 

San Rafael group.—Strata assigned to the San Rafael group are well 
exposed at the mouth of Capitol Gorge and northward to Fremont River. 
Along this belt the Carmel formation consists chiefly of hard blue-gray 
fossiliferous limestones in thin regular ripple-marked beds which contrast 
with the red friable unevenly bedded sandy shale displayed east of Glen 
Canyon. Unlike the typesection at Mt. Carmel, Utah, outcrops in the 
Fremont Valley include considerable gypsum. Fossils from the limestone 
beds, as determined by Stanton, include Ostrea strigilecula, Cardinia 
n. sp., Camptonectes stygius, Pentacrinus whitei, Camptonectus platessi- 
formis, Trigonia quadrangularis, and Trapezium?. 

The formations in the San Rafael group above the Carmel, prominently 
exposed along Pleasant Creek, were but briefly examined. Though fea- 
tures characteristic of the Entrada, Curtis, and Summerville formations 
were noted at several places, their relations were not determined, and 
no fossils were collected. Section 5 is therefore a record of arrangement 
and general aspects rather than of accurate measurements or details of 
composition and bedding. A conspicuous feature of these formations is 
the abundance of gypsum, some of it alabaster used locally for amateur 
carvings. It appears as massive beds 5 to 10 feet thick at one general 
horizon, as thin sheets and gypsiferous shale at several horizons, and 
as seams and conspicuous dikelike masses (Pl. 3, fig. 2). The hum- 
mocky topography, the numerous solution pits, and the contorted bedding 
are evidences of its wide distribution. The stratigraphic relations 
strongly suggest that, unlike the beds of equivalent age east of Glen 
Canyon but like those in the Virgin River Valley, the San Rafael group 
in the Capitol Reef region, except perhaps part of the Summerville forma- 
tion, is marine. 

Morrison formation.—As exposed along Fremont River and Sand Creek, 
the Morrison formation which lies unconformably above the San Rafael 


group is the usual assemblage of variegated clays, mudstones, conglom- 
eratic sandstones, and siliceous limestones. Saurian bones (not yet iden- 
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tified) were found at several places, and east of Notom three partially 
complete skeletons. 
CRETACEOUS 

Dakota (?) sandstone and overlying beds——The basal beds of the 
Upper Cretaceous are exposed along the Fremont River near the mouth 
of Pleasant Creek. Those assigned to the Dakota (?) are chiefly coarse- 
grained lenticular sandstones with which are interbedded some shale and 
considerable conglomerate with pebbles of quartzite, wood, and bone. 
About 60 feet above its base the sandstone grades into shales and coal 
that includes the well-known “oyster bed” full of fossils that characterize 
the Tropic and Mancos formations. Erosion of the Cretaceous shales has 
produced an interesting landscape (PI. 5, fig. 1). ; 


PHYSIOGRAPHY 
DRAINAGE 


In the Capitol Reef region the controlling factor in the development 
of the major topography is the structure expressed in the Waterpocket 
monocline, whose crest passes through Miners Mountain and northwest- 
ward beneath Thousand Lake Mountain. On the western flank of the 
monocline the steeply dipping beds are cut off by the Thousand Lake 
Fault, but on the eastern flank they are undisturbed by significant faults, 
and their dips, decreasing from a maximum of 35 degrees, become hori- 
zontal in the cliffs east of Sand Creek about 12 miles away. Erosion of 
these tilted beds has produced the high Capitol Reef, the great domes 
above it, and the innumerable towers and pinnacles in the valleys and 
along the cliffs. The major drainage channels are independent of struc- 
ture, and the courses of the minor streams are determined by the compo- 
sition, texture, and attitude of the rocks that form their channels. The 
result is a system of consequent streams following courses established 
originally at much higher levels, and tributary subsequent streams. The 
perennial Fremont River and Pleasant Creek so completely disregard 
structure as to cross a great fault from its downthrow to its upthrow 
side, transect a monocline, and pass in and out of canyon walls. In 
their course through the monocline they have cut two profound meander- 
ing canyons—an upper canyon in limestones of the Moenkopi formation 
and a lower canyon in Wingate and Navajo sandstones. The canyon 
walls give way only where the streams cross the easily eroded shales of 
the Moenkopi and Chinle formations. Likewise the intermittent streams 
in Grand Gulch and Capitol Gorge pass through canyons cut in resistant 
beds, cross a lowland developed in soft rock, and continue for several 
miles between high walls of relatively hard rock. Once through the 
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uptilted rocks all these streams redirect their courses through the friable 
beds of the San Rafael group (Pls. 5-7). 


TERRACES 


The Fremont River below the mouth of Fish Creek is here and there 
bordered by high-level gravels resting on rock surfaces that in several 
places truncate tilted beds (Pls. 5-7). In the deepest part of the canyon, 
benches have been cut on the side of Miners Mountain. Just west of 
Fruita slight beveling of Moenkopi shales has produced a platform of 
about 600 acres—the top of Johnson mesa which stands 330 feet 
above the river. Detached portions of this mesa abut against the 
Capitol Reef. Patches of coarse gravel on canyon walls and isolated 
buttes, and boulders from distant outcrops stranded along branches of 
Sulphur Creek suggest that this old erosion surface once occupied the 
space between Fremont River and the Fluted Wall (PI. 5, fig. 3). Below, 
Fruita gravels rest on terraces developed successively in the Wingate, 
Kayenta, Navajo, and Carmel formations, and at the mouth of Pleasant 
Creek a widespread high-level surface formed by the erosion of Upper 
Jurassic and Cretaceous strata is a conspicuous feature. At several places 
along the Fremont River the terrace surface continues into the vertical 
canyon walls as a notch. 

In the narrow boulder-clogged canyon of Pleasant Creek, cut through 
the massive sandstone of Capitol Reef, the rock terraces are smaller, and 
their surfaces less even than those along the Fremont. Near Notom, 
the divide between Pleasant Creek and Capitol Wash is an isolated mesa, 
coated with coarse debris from distant sources, that rests on the eroded 
surface of gypsiferous shales and mudstones. Likewise along some trib- 
utary streams, rock benches stand high above the present channels (PI. 6). 

Except for a few nearly bare shelves in the deeper canyons, all the 
rock terraces are coated with cobbles, boulders, and blocks intermingled 
with some finer debris. Little of the material is of local origin. Fully 
90 per cent of the coarser debris—fragments 3 inches to 5 feet in diam- 
eter—is basalt like that which caps Fish Lake and Aquarius plateaus, 
and most of the finer material is salmon-pink limestone, probably from 
the Wasatch formation west of Thousand Lake Mountain. Much of the 
debris is loosely packed or weakly cemented by lime, even in deposits 
exceeding 50 feet in thickness, but near the head of Capitol Wash, where 
10 to 25 feet of conglomerate overlies an erosion surface, most of the 
angular fragments are limestone and sandstone tightly cemented by lime 
and iron oxides. 

The rock shelves and cliff notches, discordant to bedding and structure, 
and the patches of large lava boulders clinging to the sandstone walls 
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BROAD ARCH, LOOKING DOWN BRIDGE CANYON 
Photograph by Frank Beckwith. 
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record changes in the rate of erosion at two, perhaps three, periods. 
Scattered basalt boulders at the top of the canyon walls may represent 
another, much older erosion surface, though they may be residuals of 
lava flows otherwise unknown. In addition to the rock benches, the Fre- 
mont and its tributaries are developing a series of gravel terraces by 
trenching the alluvium, thus destroying valuable farm lands. When an 
adequate base map is available for recording their position, height, and 
extent, the erosion surfaces in the Fremont drainage basin should be an 
interesting study. 
ARCHES AND BRIDGES 

The walls of Grand Wash and other streamways deeply entrenched 
in the Wingate and Navajo sandstones are decorated with huge arches, 
blind windows, alcoves, and innumerable small niches. Large areas of 
wall are entirely covered with picturesque carvings in which curves pre- 
dominate. Some narrow buttresses are perforated, forming round win- 
dows near their top and tunnel-like openings below. A short tributary 
to the Fremont River that might appropriately be termed Bridge Canyon 
is spanned by a natural bridge where a stream that once took a direct 
course from Cove Spring southward to the Fremont has been undercut 
by a stream flowing eastward at a lower level and thus favorably placed 
for sapping the wall of ancient Cove Spring Canyon. The bridge— 
known to topographers of early days as the “Broad Arch”—consists of a 
sandstone girder about 15 feet thick and, where narrowest, 11 feet wide 
at the bottom and 6 feet wide at the top. The supports are curved abut- 
ments 133 feet apart at their bases. The height of the bridge above a 
line connecting the bases of the abutments is 72 feet. However, as the 
platform between the abutments is concave and ends in a precipitous 
slope, the stream bed 100 feet east of th venter of the bridge is about 
175 feet below the girder (Pls. 8 and 9). 
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ABSTRACT 


The Paleozoic sequence of strata is well exposed in the northeast end of Glenwood 
canyon and near the junction of the Eagle and Colorado rivers. Although the 
formations are folded and faulted they have not been affected by mineralization 
here as in many other places where they have been studied. The Cambrian starts 
with a locally developed conglomerate of quartz pebbles resting on the weathered 
and eroded surface of the pre-Cambrian schist. This is succeeded by the Sawatch 
quartzite which contains one fossiliferous shale bed. The dolomites between the 
Sawatch quartzite and the Devonian Parting quartzite member are usually assigned 
to the Ordovician on account of their stratigraphic position. The dolomites occupy- 
ing this position in the vicinity of Dotsero have yielded a fauna of upper Cambrian 
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dendroid graptolites and are here named the Dotsero dolomité. These are overlain 
disconformably by the Devonian Chaffee formation which is subdivided into the 
Parting quartzite member and the Dyer dolomite member, separated by a weathered 
zone at the top of the Parting quartzite member. The Mississippian Leadville lime- 
stone rests disconformably on the Devonian. The thick upper bed is an odlite which 
is not characteristic elsewhere. The surface became pitted with sink holes before 
the deposition of the Pennsylvania strata. The latter are called the McCoy forma- 
tion and exhibit abrupt lateral changes throughout their thickness. They pass 
upward without apparent break into gypsum and red beds which are tentatively 
assigned to the Maroon formation of the Permian. A comparison is made with the 
Pennsylvanian-Permian section at McCoy. 


INTRODUCTION AND ACKNOWLEDGMENTS 


The purpose of this paper is to describe in detail the Paleozoic section 
exposed near Dotsero, Colorado, and to compare the Carboniferous por- 
tion of that section with strata of the same age in the type section at 
McCoy, Colorado. 

Dotsero is located at the junction of the Colorado and Eagle Rivers 
about 100 miles west of Denver, Colorado (Fig. 1). A few miles south- 
west of Dotsero the Colorado River flows through Glenwood Canyon be- 
tween the White River Plateau and Grand Mesa. The formations from 
pre-Cambrian to Mississippian, described in this report, are well exposed 
in bluffs along the highway between Dead Horse Creek and the Eagle- 
Garfield County line. The Pennsylvanian section is described from ex- 
posures in the northeast side of Deep Creek Canyon and in the east bluff 
of the Colorado River about 2 miles north of Dotsero. 

For aid in this investigation the author is deeply indebted to the Uni- 
versity of Michigan for use of facilities of its field camp in the summer 
of 1936, to the Geological Society of America for a project grant from the 
Penrose Bequest, and to Rudolf Ruedemann for study of the Cambrian 
graptolite fauna. The writer is also indebted to H. F. Donner for review- 
ing with him in the field the Carboniferous section at McCoy. Mr. Earl 
T. Phillips, Jr. assisted in the field work during the summer of 1938. 


DESCRIPTION OF FORMATIONS 
GENERAL STATEMENT 
The following table of formations contains three new stratigraphic 
designations. The names State Bridge siltstone and Rock Creek con- 
glomerate were used by Donner (1936) in describing the section in the 
McCoy area. The Dotsero dolomite is proposed in this paper. 
Thickness 


System Formation Member Feet Inches 
Permian (?)...... MOMPOORS 6. State Bridge siltstone 
Rock Creek conglomerate.... 457 . 8 
ATLL s.«, SNORO IN a: Gi oie Sie b> d2ues tae s a/stae a Ires Ne onal Be clot 549 : ; 


Mississippian... . . Leadville limestone... fi... csc ceca cece Gadtelsee 191 
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Thickness 
System Formation Member Feet Inches 
Devonian........ Ce ee Dyer dolomite member...... 157 6 
Parting quartzite member... 94 3 
IRINA... v.25: NINDS 5 i au scans Waa a. uTE eRe be sia abs 250 0 
I EU 55 caw is nb omcas + ont dewignis vais 442 0 


Pre-Cambrian. 
PRE-CAMBRIAN 

The exposed pre-Cambrian rock, northeast of Dead Horse Creek, is a 
dark, micaceous schist which has been intruded by pegmatites of pink 
feldspar, mica, and quartz. A similar exposure is shown in Plate 1, Fig- 
ure 1. This rock was weathered and eroded before the deposition of the 
overlying Cambrian strata. 

CAMBRIAN 


General consideration.—The strata of the Cambrian fall naturally into 
two divisions—the lower composed almost entirely of quartzite, and the 
upper composed of dolomite. The lower is the Sawatch quartzite. The 
upper, usually designated Ordovician on account of its stratigraphic posi- 
tion, is here called the Dotsero dolomite and included in the Cambrian 
system. 


Sawatch quartzite—The following section of Sawatch quartzite was 
measured from the contact with the pre-Cambrian a quarter of a mile 
east of the mouth of Dead Horse Creek. 


_ Thickness 


Conformable contact with Dotsero dolomite. Feet Inches 
18. Quartzite, lavender, fine-grained; grains of glauconite scattered 

throughout. Weathers into layers 6 to 12 inches thick. Some 

layers contain rather flat oval masses of quartzite, deeper in 

color, from one-sixteenth to one-half inch thick and from one- 

eT NM he eo acl ken kaciewes sb eaduewiet 8 
So. re UE INNS 5 8 on 5 os coc a sce casa eescccvaes 24 4 
16. Dolomite, buff to gray, finely crystalline, massive; several thin 

lenses of quartzite, white, fine-grained....................0. 22 0 
15. Quartzite, white, alternating with quartzite, gray, fine-grained, in 

beds up to 3 feet in thickness. White at the top............. 54 6 
14. Quartzite, iron-stained, fine-grained....................000005- 5 + 
13. ‘Quartsite, white, fine-grained. ...... 2... 06 cc cele ccc enes 3 
12. Quartzite, iron-stained, fine-grained......................2005. 58 10 
SU ee 44 2 
oR 10 10 

9. Quartzite, white, fine-grained. Lower 9 inches is cross-bedded and 
contains inarticulate brachiopods; upper part is spotted with 
Sn EE INT Silo ooo ovis wisn soso tape sine snes 3 5 


8. Shale, dark gray, arenaceous, micaceous, interbedded with layers 
of sandstone, gray, fine-grained, up to 3 inches in thickness. 
Both the shale and the sandstone contain inarticulate brachiopods 5 0 
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Thickness 
Feet Inches 
DRE, MUAY, TIAO-BPMIIIOE. 5, 5 50:5. 6 + sisicies Soa <i x PRC eee dle dig dess 2 9 
6. Sandstone, gray, fine-grained, argillaceous, micaceous, irregularly 
bedded, contains inarticulate brachiopods.................... 1 10 
Ds ARNON Want, TUG TAI ois oon 5 skied sk ngs Bolanled cain eee's 52 0 


4. Quartzite, pink with purple streaks on the surface, coarse- and 
fine-grained, cross-bedded, some quartz pebbles included in the 
eet eee ey ee CO re oe EE eae 144 8 


3. Same as No. 1. Note: 100 feet west of this point, layers 1, 2, and 3 
merge into one layer 2 inches thick. The quartz pebbles are 
present and smaller, and the layer is composed partly of weath- 
ered material derived from the pre-Cambrian below........... 0 8 


2. Same matrix as No. 1, but contains large fragments of milky quartz, 
angular to sub-angular, and up to 4 inches in diameter......... 0 8 


1. Sandstone, burnt-red, coarse; quartz grains are coated with ferric 


Unconformable contact with pre-Cambrian. 


The basal sandstone (PI. 2, fig. 2) was not noted in other places where 
the contact with the pre-Cambrian was exposed. It is probably present 
only in slight depressions on the old erosion surface. Certain features of 
the above succession are easily recognizable in this area. No. 4 can be 
identified by its color—pink with streaks of purple. No. 8 is the only 
shale. Nos. 15, 16, and 17 are prominent in the gorge walls on account 
of their banded appearance which is due to the contrast between beds 
of buff dolomite, iron-stained quartzite, and quartzites with shining sur- 
faces (Pl. 1, fig. 1). No. 18, the uppermost quartzite, is usually lavender. 
The shale is well exposed along the Colorado River 114 miles above the 
mouth of Dead Horse Creek where a spring issues from the canyon wall. 
This shale, the quartzite immediately above, and the thin sandstone about 
3 feet below are the only layers in which fossils were found. 


Dotsero dolomite ——The upper part of the Cambrian rests conformably 
on the Sawatch quartzite. It consists of beds of gray dolomite and lime- 
stone with partings and thin beds of shale. Some of the beds are intra- 
formational conglomerates and breccias. In some beds the included 
pebbles are gray, the same color as the matrix, while in others they are 
red. This latter feature gave rise at an early date to the designation 
“red cast beds”. The dolomites and limestones of the section are of 
shallow-water origin as indicated by the presence of ripple marks, rain 
prints, and other markings. 

The following section of Dotsero dolomite is exposed in a bluff along 
the road, 2.35 miles west of the Garfield-Eagle County line. Beds dip 


eastward. 
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Disconformable contact with parting quartzite member. 


20. 


19. 


17. 


16. 


15. 


14. 
13. 


12. 


11. 


10. 


Limestone, dark gray, coarsely crystalline and dolomite, light to 
dark gray, finely crystalline, in beds from 1 to 3 feet thick. 
Irregularly included in the limestone and dolomite are quartz 
grains and grains of glauconite, sometimes forming layers one 
inch or more thick. Some of the limestones exhibit the char- 
acteristics of intraformational conglomerates. Locally the beds 
are laminated and have the appearance of shale. Graptolites 
were found at 78 feet 4 inches, 55 feet, and 41 feet below the top. 
The collection nearest the top contains Dendrograptus edwardsi, 
D. hallianus, and Dictyonema coloradoense. The weathered 
surfaces of these beds are greenish and have a lumpy appearance 
similar to the intraformational conglomerate. On the under- 
sides of some of the beds are found fucoid-like markings. The 
entire surface of the section weathers to buff gray............. 


Limestone, dark gray, finely crystalline; lower 2 feet thin-bedded 
to laminated. Basal portion contains graptolites. A 4-inch 
eel layer, green and calcareous occurs 5 feet 1 inch above 
SRN SG is Sean eh obs’: Pik SERA Rae ae SRS cash Ss BES oe 


. Limestone, dark gray to red, crystalline, laminated with argillaceous 


material; weathers to the appearance of shale in the lower 5 
inches; grades up into limestone, dark gray, finely crystalline, 
not persistent, “‘red cast”’ characteristic..................006- 


Limestone, dark gray to reddish, crystalline, including small pebbles 
of limestone. ‘Red cast”’ characteristic...................4. 


Limestone, purplish red, finely crystalline, laminated with some 
very thin shale partings of the same color. Surfaces of the 
limestone laminae are very rough and irregular............... 


Limestone, dark gray to reddish, crystalline, containing irregular 
pebbles of limestone similar to the matrix and having the char- 
acter of an intraformational conglomerate in the upper and 
lower beds, the middle portion being a finely crystalline dolomite. 


Shale, dark gray, soft, laminated, variable in thickness.......... 


Limestone, dark gray, finely crystalline, in three distinct beds 
separated by thin, laminated layers of argillaceous dolomite; 
lower layer is an intraformational conglomerate; middle layer 
finely crystalline, dark gray; upper layer finely crystalline, purple; 
EE A ON RI 5 ses n'o ik ce ob baie cea whe o4% S0e0-0 © 

Limestone, dark gray, laminated, finely crystalline, interlaminated 
with soft, greenish-gray layers of shale; more argillaceous in 
IER ros coaat bis ssn wis oh Sb Sue b4.0sSb oR hae éoe sae 


Limestone, dark gray, very finely crystalline, similar to No. 5, 
in beds of different thicknesses; contains a number of small, 
IA EO ONIN, os is dca nacens ccshabuadoscases 


Shale, dark greenish gray to dark blue gray, soft, laminated; con- 
tains thin, irregular lenses of limestone, dark gray and finely 
crystalline. The following graptolites were identified from this 
bed; Dendrograptus edwardsi, D. hallianus, D. cf. thomasi, Cyrto- 
graptus bassetti, Conograptus simplex, Ptrograptus coloradoensis, 
Ms SNS cis iinis ala baw wis sheen cass 


. Limestone, similar to interval No. 5, in beds 3 to 12 inches thick. . 
. Limestone, dark gray, finely crystalline, argillaceous, weathers to 


the appearance of shale with included limestone nodules........ 


> eeebone, Giantiar £0 StOEeR DIG: Gioia ooice ccc ciccasccceccccesce 
. Shale, dark gray, soft, laminated, with occasional lenses of lime- 


stone included. Iron stain and dendrites along bedding planes. 


Thickness 
Feet Inches 
119 0 
18 6 
1 1 
5 0 
1 0 
9 0 
1 0 
3 6 
0 10 
4 5 

1 2 
5 0 
0 6 
0 10 
10 8 
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Thickness 
Feet Inches 

5. Limestone, dark gray, finely crystalline, irregularly bedded, with 

light green shale partings along the bedding planes............ 2 9 

4. Shale, dark greenish gray, soft, irregularly laminated............ 0 4 
3. Dolomite, yellow buff, some layers are coarse-grained and some 
fine. Some layers weather extremely thin and have the appear- 
ance of shale. The irregularity of the bedding continues from 
below. Some of the dolomite beds are composed of irregular, 
oval, or rounded pebbles of limestones in a matrix of dolomitic 
limestone or of gray limestone. Slightly more limestone, gray, 

somewhat crystalline is found higher in the section............ 48 10 
2. Dolomite, buff, coarser grained than below; yellow dolomite 

CTI IE WINS OMREINO 5 os is Wc aN Sescis aoa p SA's oe nels eae teres 3 0 


1. Dolomite, yellow and dark gray, mottled with dark specks, weathers 
into gceen and buff layers one-eighth to 2 inches thick. Some 
of the weathered dolomite has the appearance of green shale. 
Upper 8 to 12 inches is mottled, lavender gray and yellow, and 
weathers black. Surface has an undulating character. Several 
of the layers contain oval pebbles of the same material which 
are the “‘Red cast’’ beds of the literature.................... 32 7 


Conformable contact with Sawatch quartzite. 


At different points in the section fragments of graptolites were found 
in some of the shale partings and in beds of shale. The greatest variety 
came from a bed of shale 169 feet below the base of the Devonian. This 
bed is exposed in a bluff along the highway 3 miles southwest of the 
Eagle-Garfield County line. Other specimens were obtained from layers 
78 feet 6 inches, 55 feet, and 41 feet respectively below the base of the 
Devonian. These collections were submitted to Ruedemann, and his 
identifications are included in the section above. 

Ruedemann is of the opinion that the forms of the lower zone can be 
safely considered upper Cambrian and that they point to a correlation 
with the Trempealeau of Minnesota and Wisconsin. He believes also 
that the forms from the upper zones, although more fragmentary in nature, 
are upper Cambrian. The writer has been unable to find any evidence 
of a stratigraphic break in the beds and is of the opinion that they are a 
unit either as the upper part of the Sawatch quartzite or separate from it. 

Vanderwilt and Fuller (1935), in their section of early Paleozoic at 
Glenwood Springs, assigned the upper 154 feet of strata between the 
Sawatch quartzite and the Parting quartzite member to the Manitou(?) 
dolomite (Ordovician) and the lower 24 feet to the Sawatch quartzite 
(Cambrian). Since their section was made at a point only 10 miles away 
from the section described above, and since outcrops can be traced almost 
continuously in the canyon walls, there can be little doubt that the two 
sections are equivalent. 

While the writer does not wish to add to the increasing number of 
stratigraphic names, he does feel that some designation is necessary to 














1858 C. F. BASSETT—PALEOZOIC OF DOTSERO, COLORADO 


distinguish these Cambrian dolomites from those of known or inferred 
Ordovician age which occupy a similar stratigraphic position. He pro- 
poses therefore that these Cambrian dolomites between the Cambrian 
Sawatch quartzite and the Devonian Parting quartzite member be desig- 
nated the Dotsero dolomite because of good exposures in the northeastern 
end of Glenwood Canyon near Dotsero. 


DEVONIAN 


Chaffee formation—The Devonian strata in this part of Colorado are 
known as the Chaffee formation and present a topographic profile quite 
in contrast to the vertical walls of the Cambrian below and the massive 
Mississippian limestone above (Pl. 1, fig. 2). These strata, because of 
their difference in resistance to weathering, form a rather gentle slope 
interrupted by short vertical faces of thicker and more resistant beds. 
The formation is divided into two members—the Parting quartzite mem- 
ber below and the Dyer dolomite member above. 

The Parting quartzite member rests disconformably on the Dotsero 
dolomite. It consists of white and green quartzites, green shales, and 
dark gray, dense dolomites. The individual beds change in thickness 
laterally so that no two sections are exactly alike. The following section 
was measured at the Eagle-Garfield County line. 


a r . Thickness 
Disconformable contact with Dyer dolomite member. Feet song 


19. Quartzite, white, weathering to buff, fine-grained, cross-bedded; 

pI he I MENINEE, 6rsoses S so ona nedeccuasccaseacedse 20 0 
18. Dolomite, dark gray, dense, in beds 1 to 6 inches thick; separated 

by shale, black, thinly laminated in layers up to 3 inches thick. 


The dolomite layers are nodular in the upper portion.......... 8 0 
17. Ghale, green dolomitic, MASKVE..... 2.2... c ccc ecw cecceceses 16 0 
16. Quartzite, white to green, fine-grained, in thick beds............. 4 3 
Us; eee, MOEN, CIOUOTTNNRG, ORINIVO. 5c i os oe okt ceded dacesse 3 3 


14. Quartzite, white in lower portion becoming green in upper; fine- 
grained, cross-bedded, in layers from one inch to 11% feet thick. 


Basal one foot, is white and contains fish plates in abundance.. . 7 10 

Se ne 0 4 
12. Sandstone, green, soft, medium-grained.....................0. 0 8 
11. Dolomite, gray, dense, weathers buff....................0.006- 1 0 
10. Shale, green, dolomitic, massive, contains many fish plates. ...... 3 9 
Ne ee 1 7 
8. Shale, dark gray, micaceous, laminated.....................206- 1 8 
7, SROATERRDO) OTK GTOY, CARO-GTAINDG. ... 5... ose ete ces denne 1 10 

6. Dolomite, dark gray, dense, in laminae simulating shale, with some 

interlaminated sandstone, white, fine-grained................. 5 6 
A ME i a vic ainin es ouiclete nGMS Saws daw sicaees 2 6 


4. Dolomite, gray, dense, laminated; sandstone, gray, fine-grained, 
laminated; interlaminated and interbedded to simulate shale... . 8 6 
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Thickness 
Feet Inches 


3. Quartzite, white, fine-grained. Lower one foot 5 inches inter- 
bedded and interlaminated with dolomite, dark gray, dense..... 4 5 


2. Sandstone, dark gray, fine-grained, dolomitic; small angular frag- 
ments of included dolomite. Lower 2 inches is dolomite, dark 


MEGS seca. 2 Le eihigtce Vaan Seales Se bss aw weeres 


1. Sandstone, greenish gray weathering to buff; fine sand matrix in 
which are included rounded, frosted sand grains as well as quartz 
pebbles up to one inch in diameter; fragments of chert, and 
dolomite. The sandstone is dolomitic....................... 1 6 


Disconformable contact with Dotsero dolomite. 


The basal sandstone contains frosted sand grains, quartz pebbles, and 
fragments of chert and dolomite. In some places it is-dolomitic and 
weathers buff as do the Cambrian dolomites below. Fish plates are scat- 
tered in the shales and quartzites. In the above section there is a con- 
centration of fish plates in the quartzite bed 35 feet above the base of 
the section. Attempts to locate this same bed at other points were unsuc- 
cessful. No fossils other than fish plates were found. 

The Dyer dolomite member rests disconformably on the Parting quart- 
zite member from which it is separated in some places by a sandstone 
which contains in the lower portion weathered material from the under- 
lying beds. This member is composed principally of limestone and dolo- 
mite as shown in the following section measured at the Eagle-Garfield 
County line. 

Thickness 


Disconformable contact with Leadville limestone. Feet Inches 
8. Dolomite, light gray with darker bands, dense, massive, in layers 
SNE UI EIEN os 26 5s pictues: sop dig DAW Dia eer ee ee ae 56 0 


7. Dolomite, dark to light gray, arenaceous and argillaceous, lower 

part consists of lumps of limestone, upper part exhibits filled 

REINS ic vc awa uso scan ams erage cn acuat outs 0 6 
6. Shale, green, thinly laminated, interbedded with limestone, dark 

gray, dense, somewhat crystalline, becoming lumpy toward the 


top where some of the lumps attain a diameter of 6 inches...... 13 0 
5. Dolomite, light gray, dense, breaks with conchoidal fracture...... 9 0 
4, Limestone, dark gray, finely crystalline, a few fossils............ j 0 
3. Limestone, dark gray, dense, brittle, breaks with conchoidal frac- 

CURR, SOALY. B TOW TOBIN CPOBOIG coos ccc. cease tase veceicies 23 6 


2. Limestone, dark gray, crystalline, massive, weathers to a char- 
acteristic rubbly appearance. Contains an abundance of fossils 
which account in part for the rubbly appearance. The following 
are the more common brachiopods: Spirifer whitneyt., S. notabilis, 
Camarotoechia endlichi, Schizophoria striatula var. australis, 
Productella depressa, and Athyris coloradensis................. 47 0 


1. Sandstone, white, weathers buff, very fine- to coarse-grained, some 
pebbles of quartz included. The basal portion contains weath- 
ered material from the underlying beds and several thin bands of 


Disconformable contact with Parting quartzite member. 





1860 C. F. BASSETT—PALEOZOIC OF DOTSERO, COLORADO 


The sandstone at the base of the section is covered in most places but 
is well exposed in the new road cut just east of the Eagle-Garfield County 
line. The massive bed, no. 2, is outstanding in this sequence. Its vertical 
exposures have a characteristic rubbly appearance which shows up dis- 
tinctly in the bluffs. Above this massive bed the layers are dark gray, 
dense, break with conchoidal fracture, and, with the exception of no. 3, 
are unfossiliferous. 





MISSISSIPPIAN 


Leadville limestone.—The Leadville limestone rests disconformably on 
the Dyer dolomite member of the Chaffee formation. It is composed 
both of limestone and of dolomite. The following section was measured 
in the SW. 4 of sec. 15, T. 5 N., R. 87 W. 


Unconformable contact with McCoy formation: sear a... 
4. — black, odlitic, in one massive bed. Unfossiliferous except 
al gine 8 portion where a few cup corals, brachiopods, and 
small cephalopods were found. The following brachiopods have 
been identified: Schellwienella inflatus, Dictyoclaustus parviformis, 
D. semireticulatus, Linoproductus ovatus, Rhipidomella burling- 
tonensis, Spirifer ‘centronatus, Reticularia cooperensis, Seminula 
humilis. The surface is pitted with sinkholes, which have been 
filled with rounded, weathered, and iron-stained boulders and 
cobbles of this limestone. In some places the depressions are 
Sts WTURL WOMMRVIORINAN GUNRID... ooo cis asewsectcsecess 128 0 


3. Dolomite, black, finely crystalline, with included large lenses of 
dolomite, gray-white, coarsely crystalline; masses of limestone, 
black, dense; cavities partly filled with calcite; masses of dolo- 
mite, black, finely crystalline. Locally the limestone, dark 
gray, dense, is composed of fine limestone rubble.............. 8 1 


2. Dolomite, gray, weathers light, dense, banded with gray chert 
along some of the bedding planes and with nodules of flint and 
quartz; some streaks contain abundant sand grains............ 51 9 


. Dolomite, black, weathers to buff and slate gray; dense; contains 
in the basal portion lenses of sandstone, white, fine-grained. 
Locally this bed has the character of an intraformational breccia 
with many sand grains present between the dolomite fragments. 4 0 


Disconformable contact with Dyer dolomite member. 


The Leadville limestone begins with the intraformational breccia in 
arenaceous dolomite which is usually present in this region. The lower 
64 feet of strata resemble the unfossiliferous Devonian limestones below. 

The Leadville limestone was exposed to a long period of erosion and 
solution before the deposition of the Pennsylvanian. This resulted in 
the formation of many large and small sinkholes in the odlite. Some 
of these became filled with boulders of the same material. These boul- 
ders (Pl. 2, fig. 1) are from 4 inches to more than a foot in diameter, 
somewhat rounded, weathered, and iron-stained on the surface. They 
look like a very coarse fault breccia which has been modified by solution. 
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Ficure 1. PALEOzOoIC STRATA 
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Ficure 2. Typical PROFILE OF PALEOZOIC STRATA 
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Ficure 1. BOULDERS IN SINKHOLE IN LEADVILLE LIME- 
STONE 
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Ficurne 2. SAWATCH BASAL CONGLOMERATE 


LEADVILLE SINKHOLE AND SAWATCH CON- 
GLOMERATE IN GLENWOOD CANYON 
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This appearance, together with the large size of the depressions, the irreg- 
ularity of the present topography, and the fact that the bedrock is not 
usually seen in contact with the boulder deposits, has led prospectors to 
attempt to find mineralized zones in such outcrops. The writer found a 
small depression which had been completely dug out by a prospector. 
The excavation and excavated material showed a small sinkhole which 
had been completely filled with boulders. In some places these depres- 
sions have been filled with the overlying Pennsylvanian shales. At one 
point, low in the odlite bed, the cross section of an underground stream 
channel entirely filled with sand was observed. 


PENNSYLVANIAN 


McCoy formation.—The name McCoy is applied to the Pennsylvanian 
strata in this area because the type section at McCoy is only a few miles 
distant. These sedimentary rocks rest upon the irregular surface of the 
Leadville limestone and hence vary in thickness and character in the basal 
portion at different points. The following is an abbreviated composite 
of the section exposed about 2 miles north of Dotsero in the bluffs of the 
Colorado River and in Deep Creek canyon. 


Conformable contact with Rock Creek conglomerate: aa 
40. Shale, black, carbonaceous, with some interbedded limestone, dark 
ac NEN RIRIEND 653 -s dfn 19 wash An ola sD WMHS Oar aarale. Aielelolee hs 20 9 


39. Shale, dark gray to black, somewhat micaceous, with some inter- 
bedded limestone, dark gray, finely crystalline. Selenite crystals 
and sulphur are present in some of the shales................. 50 2 


38. Limestone, dark gray, dense, with cauliflower-like masses of algae 

on the surface. The lower part of the bed is composed of minute 

NEP SINR oo ioe a4. 5 46:06 0,0 aie Alan a} ore Xin blue o 6.0 ate 0 7 
37. Shale, dark gray, calcareous, micaceous, with some limestone, dark 


gray, dense, interls uminated; three beds of sandstone, gray, fine- 
grained micaceous. The sandstone at the base of the interval 


contains fragments of limestone and a one inch layer of shale... 89 2 

36. Shale, dark gray, calcareous, with thin layers of limestone, dark 
TIES eons Nir ass ce ong ae ae oes grins ketones whee eure 36 5 

35. Limestone, dark gray, carbonaceous, completely filled with a 
PIPING ses ara ais ss Biss dw here nls Detar nlae wen we ojeere'eye 0 3 

34. Shale, dark gray, with a 5-inch bed of limestone, dark gray, which 
contains gastropods and pelecypods.................2-000e0: 1 8 
33. Limestone, dark gray, dense, with some included masses of algae. 1 0 

32. Shale, dark gray, with some interbedded limestone, dark gray, 
co EN EAD eee re ee ee TR ee Se ere a eee 27 2 

31. Limestone, dark gray, dense; weathered surface shows it to be an 
RRNA EINONOENS 66k 6 ofc 8 sda ia Na ess ines aeRO Sawa 2 10 

30. Limestone, chiefly replaced by calcite, and containing small lumps 
Gr Macatee, Ark WIN, GONSS . iso osc ccna diawnde caine owwhd os 1 8 


29. Limestone, dark gray, dense, with a parting of shale, dark gray, in 
the middle. Fossils are quite abundant...................... 6 8 
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Thickness 
Feet Inches 


28. Limestone, dark gray, dense, interbedded with shale, gray to black, 
soft, laminated. Most of the beds are less than one foot thick. 33 10 
27. Limestone, dark gray, dense, partly replaced by calcite.......... 0 11 


26. Limestone, dark gray; interbedded with shale, dark gray, soft. 
Some beds contain branching corals, columnals of crinoids, 


Re ae | a a i eee 9 2 
25. Limestone, buff gray, somewhat porous, and partially replaced 

Rese gna dg Sepsis ete Wesel, ra ic tie aes, 5 a ar 1 3 
24. Limestone, dark gray, dense, interbedded with shale, gray, soft... 6 11 


23. Limestone, dark gray, contains many fenestelloid bryozoans, 
branching corals, small columnals of crinoids, brachiopods, and 


ONIN OO aig et OSS SoU ee cee MR SRS WHE AS ae a 4 3 0 
22. Limestone, dark gray, dense, with some interbedded shale, black, 

soft. Most of the beds are less than one inch thick........... 60 10 
21. Limestone, dark gray, dense, showing solution cavities which are 

partly filled with chaleedony. The upper part becomes argil- 

laceous and weathers into shale-like layers................... 1 7 
20. Shale, black, soft, alternating with limestone, dark gray, dense, in 

beds from one inch to 4 feet in thickness..................... 16 11 
19. Limestone, mottled black and gray, having the appearance of 

being replaced in part by black chalcedony................... 2 6 


18. Limestone, dark gray, dense, argillaceous, with some interbedded 
shale, dark gray to black, calcareous. Fragments of fossils are 


present on the weathered surfaces of the limestones........... 11 5 
17. Limestone, dark gray, dense, with shale parting in the middle. 

Upper limestone is partly replaced by calcite................. 5 1 
16. Limestone, dark gray, soft, brecciated in appearance, partly 

EE I S565 caine s «Ale SSS SNe Nise 6 6 54-4 0 10 
15. Limestone, dark gray, dense, with some interbedded shale, black, 

BRR Ae EER enc a tess eow ah cores nur Ree Cae hwe sos 12 9 


14. Limestone, very argillaceous, containing a black shale which grades 
vertically to argillaceous limestone. Limestone is replaced for a 
large part by calcite. Fragments of chalcedony are present 
giving part of the bed a brecciated appearance................ I 4 


13. Limestone and dolomite, dark gray, dense, in beds 3 to 6 inches 
thick; shale, black tobrown. The lower 7 inches consists of shale, 


a III nos. oc. baie aie Sie) oe SRA ora kes Boa Wik os 9 1 
12. Limestone, dark gray, laminated; on weathered surface is partly 
NIN RY RUN 5 oso oe gn wieracals one his Siow ss Va iecaisie wa I 4 


11. Dolomite and limestone, gray to black, dense, in beds up to 3 feet 
thick, interbedded with shale, gray to black, soft, in beds up to 
ER a ire oi silo cisin ne Clie os we o's Weis 6 Ge mlbS Fae ass 29 0 


10. Dolomite and limestone, dark gray to black, dense, in beds from 3 
inches to nearly 3 feet thick, interbedded with shale, black, soft 
or fissle, in layers from one inch to one foot thick. Many of the 
black shales are filled with crystals of selenite................. 13 8 


9. Shale, laminated, covered with limonite and sulphur on weathered 
surface, selenite crystals abundant along lamination planes... .. 


8. Coal, with selenite crystals and sulphur........................ 
. Clay, dark gray, soft, stained with iron and sulphur............. 


~I 
TI —- © 
me oOo DH 


6. Limestone, dark gray, dense, brittle.......................008. 











ee 
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Thickness 
Feet Inches 

5. Limestone, dark gray, dense, largely replaced by calcite.......... 1 6 
ee WRU ED 55 Sb. avwcas Se mrethdowwaeesgevuncawbea 1 2 
3. Limestone, dark gray, dense, fossils in upper part............... 0 7 
2. Limestone, dark gray, dense, interbedded with shale, dark gray, 

soft, stained with iron and sulphur; rather thick-bedded in the 

PML 52075 655.5 VSS. 515 16S LAR Te SOG Ss SHO SMA ROA 55 13 
1. Shale, dark gray, calcareous and iron-stained in the upper portion; 


weathers to greenish gray. Included are lumps of dark gray 
limestone from the underlying Mississippian formations. The 
shale seems to be reworked mantle...................-000005 20 0 


Unconformable contact with Leadville limestone. 


From the above section it is apparent that the McCoy formation near 
Dotsero is composed of nearly equal thicknesses of black-to-dark-gray, 
soft shales, and dark-gray, dense limestones and dense dolomites, and 
that fossils are abundant at some horizons. 

The McCoy formation at the type locality about 25 miles to the 
northeast of Dotsero was described by Donner (1936) as follows: 


“The McCoy formation is at least 2214 feet thick. .1 complete section can not 
be found in this area because of the numerous faults. It is composed of arkosic 
sandstones and conglomerates, gray to salmon to maroon colored, with interbedded 
fossiliferous, dark gray limestones and black and maroon micaceous shales. The 
conglomerates and sandstones are abundantly cross- -bedded on a large scale. The 
character of the beds varies greatly in short distances both vertically and _ horizon- 
tally. The formation is in part apparently of piedmont origin”. 

It is impossible to trace the beds laterally along the Colorado River 
from McCoy to Dotsero because a large basin structure brings the 
Dakota sandstone down to the level of the river at Burns. Similarity of 
faunas indicates that the 550-foot section near Dotsero is the equivalent 
of the 2214 feet at McCoy. The writer has large collections from both 
localities and will present a paper on them at a later date. 

The character and thickness of the strata of this formation at McCoy 
and Dotsero indicate that the sedimentary materials came from the north- 
east. Additional evidence of this is to be found 10 miles northeast of 
McCoy where the pre-Cambrian is exposed and is petrographically simi- 
lar to the clastics at McCoy. 

PERMIAN(?) 

Maroon formation.—The preceding section is overlain conformably by 
457 feet 8 inches of unfossiliferous shale, limestone, and sandstone. These 
are interbedded, the individual layers ranging from 1 to 5 feet in thick- 
ness. Some of the sandstones however are 10 to 15 feet thick and protect 
the less resistant strata so that exposures form nearly vertical slopes. 
The shales and sandstones are dark gray to greenish gray and weather 
buff. The limestones are dark gray and also weather buff. The sand- 
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stones are coarse to fine-grained, cross-bedded, and contain pebbles of 
quartz. Unfortunately no pebbles were found which would indicate the 
source of the sand material. The detailed section has not been included 
because of the absence of fossiliferous beds and beds of distinctive lithol- 
ogy. This sequence is overlain without apparent break by beds of gyp- 
sum and by red beds. The latter are very micaceous, fine-grained 
clastics, and exhibit markings characteristic of shallow-water deposits. 
The sequence was not measured. 

Donner (1936) described the upper part of the Paleozoic section in 
the McCoy area as follows: 

“The pink conglomerates and red siltstones lying between the McCoy formation 
and the Triassic rocks in the McCoy area are called the Maroon formation in this 
report because of their stratigraphic position and lithologic characters”. 

Donner recognized two members, the Rock Creek conglomerate below 
and the State Bridge siltstone above. These he defined as follows: 


“The Rock Creek conglomerate member rests conformably upon the McCoy forma- 
tion. Its base was arbitrarily set at the base of the coarse, persistent conglomerate 
containing many large pebbles of limestone and corresponding more or less to the 
top of Roth and Skinner’s McCoy formation. Here also black shales of the McCoy 
cease and the overlying rock is mainly coarse sandstone and conglomerate with only 
occasional thin beds of shale and limestone. An approximate thickness of 1224 feet 
was obtained. ... The whole thickness consists of pink to red coarse sandstone 
and arkosic grits and conglomerates highly cross-bedded. The lower portion contains 
a few thin interbedded grey shales and limestones. 


“The State Bridge siltstone at State Bridge is 525 feet thick. It is composed 
mainly of thin-bedded, micaceous, brick-red siltstone, shale, and fine limy sandstone. 
In the top portion some of the beds contain beautiful oscillation ripple marks.” 

Without raising the question as to the age of these unfossiliferous beds, 
the writer suggests that the gray sandstone section near Dotsero, over- 
lying the McCoy, may be the equivalent of the Rock Creek conglomerate 
and that the gypsum and red beds may correspond to the State Bridge 
siltstone. 

SUMMARY 


The Cambrian rests upon the eroded surface of the pre-Cambrian 
schists. The lower part of the Cambrian is called the Sawatch quartzite 
in accordance with general practice in this part of the State. It is suc- 
ceeded by beds of dolomite which contain upper Cambrian graptolites. 
In order to distinguish these dolomites from Ordovician dolomites which 
occupy the same stratigraphic position in nearby areas, the name Dotsero 
dolomite has been applied. The Cambrian is followed disconformably 
by the Devonian Chaffee formation which is divided into the Parting 
quartzite member and the Dyer dolomite member. The Dyer dolomite 
member is overlain disconformably by the Mississippian Leadville lime- 
stone which was exposed to a long period of erosion and solution before 
the deposition of the Pennsylvanian. These Pennsylvanian strata are 
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called McCoy on account of their fossil content and nearness to the type 
section. Further correlations can be made only after the fauna has been 
studied. This succession is overlain by unfossiliferous strata which are 
tentatively assigned to the Permian and which seem to be equivalent to 
the Rock Creek conglomerate and the State Bridge siltstone members 
of the Maroon formation of the McCoy area. 
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ABSTRACT 


The Roxbury conglomerate is a heterogeneous formation composed of conglomerate, 
sandstone, shale, and interbedded volcanic rocks. The coarseness of the conglomerate 
and the occurrence of tillite in the overlying Squantum formation have suggested 
considerable relief in the regions from which the sediments were derived. New data 
indicate that the Roxbury conglomerate was deposited on a surface of high relief. 
In the Nantasket area the relief was not less than 565 feet, and was presumably at 
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least 845 feet. In the Hingham area the Roxbury conglomerate increases in thick- 
ness within less than a mile from 1340 feet in the southern part to 3440 feet or more 
in the northern part. This is interpreted to mean that in Carboniferous time there 
was a relief of not less than 2100 feet, with slopes of fourteen degrees or more. 


PROBLEM 


One of the most characteristic stratigraphic units in the vicinity of 
Boston, Massachusetts, is the Roxbury conglomerate, a heterogeneous mix- 
ture of conglomerate, sandstone, shale, andesitic and basaltic flows, tuffs, 
and breccias. The formation ranges in thickness from 1340 to 5000 feet. 
Lying directly above the Roxbury conglomerate is the Squantum tillite, 
which attains a maximum thickness of 600 feet, although it is locally 
absent. The coarseness of the beds of conglomerate, in which pebbles and 
cobbles up to several inches in diameter are the rule and boulders over 
a foot in diameter are common, suggests that the sediments were derived 
from nearby high mountains. The Squantum tillite which seems to have 
been deposited by local mountain glaciers corroborates this view. There 
has been no direct evidence, however, as to the character of the topography 
in those localities in which sedimentation took place. 

Data now available show that the Roxbury conglomerate was deposited 
on a surface of high relief. During Carboniferous time the relief in one 
part of the Boston area was not less than 565 feet, and in another part 
seems to have been at least 2100 feet. Although the results of this study 
are primarily of interest to students of the Appalachian Highlands, the 
method of analysis has more general application. 

The general geology of the Boston region has been admirably described 
by LaForge (1932), and a paper devoted to the structural problems has 
been presented by Billings (1929). Two parts of the Boston area are 
discussed in the present paper, Nantasket and Hingham, both located on 
the southeastern shore of Boston Bay. These regions have been inten- 
sively studied by W. O. Crosby, whose precise maps are an inspiration to 
modern workers (Crosby, 1893 and 1894). 

Mansfield (1906) and Sayles (1914) have made important contribu- 
tions to the problem of the origin of the Roxbury conglomerate and the 
Squantum tillite. 

NANTASKET AREA 


GENERAL STATEMENT 

The Nantasket area occupies parts of the towns of Hull, Hingham, and 

Cohasset, and is shown on the Boston Bay quadrangle (edition 1903, re- 

printed 1933) and the Nantasket quadrangle (advance sheet, 1937). The 

region furnishes unusually good exposures and has a relief of more than 
100 feet. 
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The geologic map (Fig. 3) is the product of many years of investigation 
by numerous students in the course in field geology at Harvard Univer- 
sity. A map of the western part of the area on a still larger scale is shown 
on Fig. 4. This map was prepared by the junior authors in 1938, under 
the direction of the senior author. 


LITHOLOGY 


The pre-Cambrian Dedham granodiorite crops out in the southern 
part of the Nantasket area. Unconformably overlying this to the north 
is the Carboniferous Roxbury conglomerate. Carboniferous and Tri- 
assic basic dikes are abundant, and although shown on Fig. 4, they 
have been omitted from Fig. 3 in order to avoid confusion. Till, beach 
deposits, and marsh deposits conceal much of the bed-rock. 

The Dedham granodiorite is considered to be pre-Cambrian by 
Billings (1929), and early Paleozoic by LaForge (1932). In any case, 
it is older than the Roxbury conglomerate. In the Nantasket area the 
Dedham is typically a coarse-grained, massive, plutonic rock composed 
of interlocking grains of pink microcline, light-green plagioclase, milky 
quartz, green chlorite, and black hornblende. Microscopic study shows 
that the plagioclase is albite containing scattered grains of epidote and 
sericite. 

In places there are inclusions of diorite; irregular aplite dikes and 
epidotized joint planes are common. Along the seashore in the extreme 
eastern part of the Nantasket area the Dedham granodiorite is gneissic. 

The Roxbury conglomerate is of Carboniferous age, possibly Penn- 
sylvanian, but probably Permian. In the Nantasket area, as elsewhere, 
it is a mixture of sedimentary and volcanic rocks. The conglomerates, 
which are red, gray, and buff, contain pebbles, cobbles, and boulders of 
various shapes, sizes, and lithology. Some are well-rounded, others 
sub-angular, and still others distinctly angular. In general they are 
round to sub-angular in the eastern two-thirds of the Nantasket area, 
and angular to sub-angular in the western third. The average diameter 
is 3 inches, but boulders 6 inches to one foot across are common, and 
boulders 4 feet in diameter have been observed (Pl. 1, Fig. 1). The 
pebbles, cobbles, and boulders consist of granodiorite, granite, andesite, 
basalt, quartzite, and some rhyolite. The matrix is characteristically 
arkosic. 

Beds of shale and feldspathic sandstone, from a few inches to 30 
feet thick, are relatively minor elements of the Roxbury conglomerate. 

Flows of altered basalt and andesite are abundant, and in the Nan- 
tasket area comprise at least one-third of the Roxbury conglomerate. 
In general they are fine-grained, dark- to light-green, and massive. 
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Locally they are red or white, but such variations seem to be the re- 
sult of alteration. Parts of some of the flows are extremely brecciated. 
Amygdules of quartz, epidote, and chlorite are common in some places. 
Microscopic study shows considerable alteration; secondary minerals 
such as hornblende, sericite, chlorite, epidote, and calcite are common. 








e4 Roxbury Conglomerate. Circles = conglomerate; triangles = andesitic 
and basaltic leva; white dots = andesitic tuff 
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Carboniferous 
Figure 1.—Structure section of Nantasket area 
Along line AB of Figure 3. 


Plagioclase which ranges from oligoclase to labradorite is the only 
unaltered primary mineral. 

Bodies of andesitic tuff and breccia are as much as 30 feet thick 
and are well-bedded. They are generally light-green, and in places con- 
tain small, angular fragments of altered basalt or andesite. 

The various lithologic types in the Roxbury conglomerate interfinger 
in a complex fashion and the formation consists of numerous lenses of 
sedimentary and voleanic materials overlapping one another. The rela- 
tions are well shown in the structure section, Figure 1. 


STRUCTURE 


The structure of the Nantasket area is comparatively simple. The 
essential feature is a broad, open syncline, the axis of which strikes 
N. 80° E. and pitches 5 to 20 degrees in the same direction. The position 
of the axis is shown on Fig. 3. The validity of this interpretation is 
shown by the dip-strike symbols in the central part of the area. The 
dips of the north limb are 15 to 25 degrees south. The dips on the south 
limb are steeper and toward the north. A minor anticline and a minor 
syncline complicate the southern limb (Fig. 3; Fig. 1). 

There are many faults, generally with displacements of several feet, 
but only three are of sufficient magnitude to be shown on Figure 3. 
One, a thrust north of the Weir River, strikes east-west, dips 70 degrees 
south, and at its east end is occupied by a dike. The south side has 
been uplifted several hundred feet, but the displacement dies out to 
the east. A probable thrust is on the south shore of Strait’s Pond. A 
small normal fault, in the extreme west-central part of the area, strikes 
N. 80° W., and dips 80° N. The north wall has been down-faulted 
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about 25 feet (Fig. 2). A basic dike occupies the west end of this fault. 
In the extreme eastern part of the area shown on Fig. 4, along the 
abandoned railroad, there may be a fault striking about N. 5° E., with 
a steep dip, and down-throw on the east. On opposite sides of the 
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Ficure 2.—Normal fault in western part of Nantasket area 


Four hundred feet east-northeast of locality F, Figure 4. Arabic numerals refer to stratigraphic 


units within Roxbury conglomerate. 


railroad there is a sharp contrast in the color of the conglomerate, and 
a lava flow found on the east wall of the railroad cut does not appear 
on the west wall. These relations can equally well be explained by 
faulting or interfingering of the lithologic units. 
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The contact between the Roxbury conglomerate and the Dedham 
granodiorite is unusually well displayed in the western part of the 
Nantasket area. In order to study the nature of the contact more 
adequately a plane table map on a scale of one inch to 200 feet was 
made during the spring of 1938. All the outcrops were plotted and all 
observable dips and strikes recorded. This map is presented on a 
reduced seale as Fig. 4. 

East of the Weir River in the area covered by Fig. 4, the average 
trend of the main contact of the Dedham granodiorite and Roxbury 
conglomerate is northwest. The average strike of the conglomerate, 
however, is N. 10° E., making an angle of 55 degrees with the contact. 
Thus in the eastern part of the area, in the vicinity of locality A (Fig. 4), 
much higher stratigraphic units of the Roxbury conglomerate are in 
contact with the Dedham granodiorite than near locality E (See also 
Fig. 9D). Inasmuch as the average dip of the Roxbury conglomerate 
in this area is 20 degrees east-southeast, the beds at locality A are 
565 feet higher, stratigraphically, than those at locality E. 
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Ficure 3.—Geologic map of Nantasket area 
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Such a relationship might be explained by faulting (Fig. 9C); but 
from the field evidence it is indisputable that the contact is an un- 
conformity, not a fault. It is most instructive to follow the contact 
from locality A to locality E (fig. 4). Particularly significant observa- 
tions may be made at localities E, C, and B. 

At locality E a channei filled with conglomerate projects some 15 feet 
into the granodiorite. At locality C all transitions may be seen. Firm, 
undisturbed granodiorite passes into ruptured granodiorite, the frac- 
tures of which are filled by red sandstone and shale. This in turn 
grades into a conglomerate containing angular pebbles and cobbles. The 
relations at locality B are similar. At locality D, small irregular patches 
of conglomerate rest on the granodiorite. At locality A the contact of 
the granodiorite with the overlying conglomerate is exposed in a steep 
cliff, but the relations are somewhat obscured by a heavy covering of 
lichens. Between locality A and the abandoned railroad, large boulders 
of granodiorite, up to 4 feet in diameter, characterize the conglomerate 
(Pl. 1, fig. 1). 

In calculating the Carboniferous relief in the western part of the 
Nantasket area the assumption has been made that the bedding was 
essentially horizontal at the time of deposition. Any departure from 
the horizontal would modify the figure given, but might either increase 
or decrease it. The figure is only an approximation. 

Whenever sediments are deposited on an irregular surface the strata 
may have initial dips of considerable magnitude (Twenhofel, 1932, p. 
604-606). In such cases, however, the strike of the bedding is es- 
sentially parallel to the strike of the contact with the older rocks. This 
is in sharp contrast to the Nantasket area, where there is a striking 
difference in the strike of the bedding of the Roxbury conglomerate and 
the strike of the contact with the Dedham granodiorite. 

The assumption that the bedding at the time of deposition was prac- 
tically horizontal seems justified for the Boston Basin as a whole. Fine- 
grained sandstones and thin-bedded shales, some of them scores of feet 
thick, must have been deposited as essentially horizontal strata, par- 
ticularly if the shale is relatively thick. All of the dip-strike readings in 
figures 3 and 4 were made on fine-grained rocks, such as sandstone, shale, 
and volcanic tuff. 

The Carboniferous relief in the western part of the Nantasket area 
east of the Weir River has been shown to approximate 565 feet. West of 
the Weir River, at locality F (Fig. 4), the conglomerate rests directly 
on the Dedham granodiorite. The stratigraphic relation existing between 
this conglomerate and that at locality E, east of the river, is not entirely 
clear. The best evidence suggests that the conglomerate at locality F is 
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280 feet stratigraphically below that at E. This would add 280 feet 
to the value already determined for the Carboniferous relief, meking a 
total of 845 feet. 

The Roxbury conglomerate on the south shore of Straits Pond (Fig. 3) 
is bordered on the south by the Dedham granodiorite. Whether this 
contact is an unconformity or a fault is uncertain. In previous papers 
(Billings, 1929; LaForge, 1932) it has been interpreted as a thrust, 
dipping steeply to the south, but it is possible that it may be an un- 
conformity. The fault interpretation is adopted here, however, because 
the contact is on the strike of a large thrust in the Hingham area (Fig. 10). 


HINGHAM AREA 
GENERAL STATEMENT 


Hingham railroad station is 2 miles southwest of the center of the 
Nantasket area. The Hingham area, occupying the northern part of 
the township of the same name, is shown on the Boston Bay quadrangle 
(edition 1903, reprinted 1933), and the Abington quadrangle (edition 
1893, reprinted 1932). It is also shown in part on the Weymouth and 
Cohasset quadrangles (advance sheets, 1936). The areal geology of the 
Hingham area is shown on Figure 10, which shows enough of the Nan- 
tasket area to indicate the relation between the two districts. The map 
of the Hingham area is based on field studies by the senior author, 
beginning in 1926, and by students at Harvard University since that 
time. It is essentially an outcrop map. Due to the small scale it has 
not been possible to distinguish individual outcrops, but areas in which 
there are no outcrops have been left blank. A cross section is given in 
Figure 5. 

LITHOLOGY 

The rocks of the Hingham area include the Dedham granodiorite, the 
Roxbury conglomerate, and the Cambridge argillite. The Dedham grano- 
diorite is similar to that at Nantasket. The Roxbury conglomerate is 
the usual mixture of conglomerate, sandstone, shale, altered andesite 
and basalt. Shale and sandstone are more abundant, however, than at 
Nantasket (Fig. 6). Near the mouth of Weymouth Back River, where 
the dip is 55 degrees west, the conglomerate is unusually coarse with 
boulders several feet in diameter. The strata here, although water-laid, 
possibly represent the Squantum tillite. The Cambridge argillite is well 
exposed in the northwestern part of the area, on the east shore of Wey- 
mouth Back River (Fig. 10). It is a gray, somewhat arenaceous argil- 
lite and slate. Near the center of the area a coarse Carboniferous or 
Triassic diabase dike trends east-west. 
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STRUCTURE 

A well-marked westerly plunging anticline in the southern part of the 

Hingham area (Fig. 10) has a core of Dedham granodiorite surrounded 

on the north, west, and south by the Roxbury conglomerate. The pitch 
of the anticline is steep, approximately 80 degrees west. 
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Figure 5.—Structure section of Hingham area 
Along line AB of Figure 10. 


One mile north a synclinal axis trends east-west. The southerly dips 
on the islands in Hingham Harbor indicate that a synclinal axis must 
lie to the south. Moreover, directly south of the large diabase dike the 
strike is east-west and the dip 35 degrees south. The south limb of the 
syncline is poorly exposed. The location of the synclinal axis has been 
ascertained partly from the pattern of the various rock units, and 
partly from a few measurements of the attitude of the beds. This syn- 
cline is apparently the westward continuation of the major syncline at 
Nantasket (Figs. 3, 10). Toward Weymouth Back River, however, the 
syncline rapidly dies out, and the base of the Cambridge argillite gives 
little evidence of such a fold. 

North of the synclinal axis there is an anticline, the south limb of 
which is the same as the north limb of the syncline just described. The 
nose of the anticline is exposed west of Crow Point, where the beds 
strike north and dip west. The north limb of this anticline has been 
eliminated by a thrust fault. 

Two thrust faults are shown on Figures 5 and 10. Along the southern 
one the Dedham granodiorite has been thrust over the upper part of the 
Roxbury conglomerate. A large thrust is shown in the northern part 
of the Hingham area, where the Roxbury conglomerate is thrust over the 
Cambridge argillite. The evidence for this fault is the truncation of the 
upper part of the Roxbury conglomerate by the area of Cambridge 
argillite to the north. This thrust is apparently a major one, but un- 
fortunately the waters of Boston Harbor conceal much of the evidence. 

Billings (1929, p. 124) believed that the basic dike was intruded along 
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Ficure 1. Lance Boutpers or DEDHAM GRANODIORITE 
Conglomerate near locality A of Figure 4. 
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Ficure 2. Coarse CONGLOMERATE 
Near locality A of Figure 4. 
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a small fault which died out toward the west. A more thorough con- 
sideration of the data indicates no necessity for such a fault. 

In previous papers (Billings, 1929; LaForge, 1932) a north-south fault 
was shown in the eastern part of Hingham Harbor, between Langley 
Island and Planters Hill, and extending south through Mill Pond. This 
fault was deduced because the Roxbury conglomerate on the islands 
in Hingham Harbor strikes into the Dedham granodiorite to the east. 
Moreover. it seemed impossible to connect the structures found at Hing- 
ham with those at Nantasket. The relations may be explained equally 
well, however, by assuming a westerly plunging syncline as shown in 
Figure 10. This interpretation is now favored, as the Hingham struc- 
tures are aligned with those in the Nantasket area. 


THICKNESS OF THE ROXBURY CONGLOMERATE 


One of the most interesting features of the Hingham area is the tre- 
mendous variation in the thickness of the Roxbury conglomerate. On 
the nose and south limb of the southern anticline the thickness is 1340 
feet. In the northern anticline the thickness exceeds 3440 feet. Thus 
within less than one mile, as measured on the present surface of the 
earth, the thickness has nearly trebled. 

On the west end of the southern anticline a detailed stratigraphic 
column of the Roxbury conglomerate was prepared along the line 
ef (Fig. 10). This locality was chosen because of the abundance of 
outcrops. The general nature of the lithology is shown in Figure 6; 
the total thickness of the formation is 1340 feet. A similar value is 
obtained on the southwest limb. 

On the northern anticline the thickness of the upper part of the Rox- 
bury conglomerate was measured along the line ab, where the ex- 
posures are good. The thickness of the lower part of the Roxbury 
conglomerate was measured near the line cd. The details are shown in 
Figure 6. The thickness measured is 3440 feet, which is a minimum 
value for the total thickness of the formation, because to this must be 
added the thickness of an unknown amount of conglomerate north of 
Langley Island. 

CARBONIFEROUS TOPOGRAPHY 

The distance along the present surface of the earth between lines 
ef and ab is approximately 4000 feet. The distance before folding, as 
measured along the base of the Roxbury conglomerate (Fig. 5), was 
about 8500 feet. 

One interpretation of the rapid increase in the thickness of the Rox- 
bury conglomerate is that the strata were deposited in a deep valley 
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and abutted against a slope of Dedham granodiorite (Fig. 7A). This is 
the interpretation accepted. The south wall of this valley rose not less 
than 2100 feet in 8500 feet; that is, it was at least as steep as 14 degrees. 
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Ficure 6—Columnar sections of Roxbury conglomerate 


Measured along lines ab, ed, and ef, of Figure 10. 


A second interpretation is that the surface of the granodiorite had 
little or no relief. The Roxbury conglomerate accumulated in a sub- 
siding basin, but the northern part subsided more rapidly than the 
southern part. Individual beds or groups of beds should thicken toward 
the north (Fig. 7B). A study of the geologic map (Fig. 10) and the 








HINGHAM AREA 1879 


columnar sections (Fig. 6) shows, however, that this is not the case. 
For example, on the nose of the southern anticline directly beneath the 
upper lava, the middle part of the Roxbury conglomerate consists of 
interbedded sandstone, shale, and conglomerate with a total thickness 
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Ficure 7.—T wo interpretations of rapid thickening of Roxbury conglomerate 


A = strata lapping up against a slope; B = strata deposited in a basin subsiding at differing 


rates. Circles = conglomerate; dots = sandstone; lines = shale; triangles = lava; crosses = Ded- 
ham granodiorite. 


of about 700 feet. Some of the beds are red; some strata consist of alter- 
nating thin layers of sandstone and shale. This same diagnostic group 
of beds, likewise about 700 feet thick, is found in the northern anticline 
directly beneath the lava mentioned. It appears, therefore, that this 
particular group of beds does not thicken to the north. The beds that 
appear beneath them in the northern anticline are older strata that are 
not found to the south. Moreover, as the map (Fig. 10) shows, the in- 
dividual lavas and conglomerates appear to overlap the granodiorite in 
the southern anticline. 

A third possible interpretation of the increase in thickness toward the 
north is illustrated by Figure 8. It is assumed that sedimentation began 
in a region of low relief (Fig. 8a). Subsequently a normal fault de- 
veloped and a basin formed in the northern part of the region (Fig. 8b). 
In the ensuing sedimentation not only was the basin filled up, but the 
area to the south was partly buried (Fig. 8c). Renewed faulting then 
produced a basin in which sediments subsequently accumulated (Fig. 8d). 
In such a case the sediments would be much thicker in the northern 
than in the southern block. Yet at no time was the relief comparable to 
the difference in thickness in the two blocks. Although in the diagram 
(Fig. 8) some relief is shown, actually faulting and sedimentation might 
have been essentially contemporaneous, in which case the relief might 
have remained small. 
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Under these conditions a fault or a series of faults would separate the 
area where the sediments are thin from the area where they are thick. 
It is obvious from the geologic map that there is no evidence for such 
a fault. In fact, it may be stated emphatically that the continuity of 
the various units in the upper part of the Roxbury conglomerate between 


















































Ficure 8.—Rapid thickening of Roxbury conglomerate 
Due to faulting contemporaneous with deposition. Circles and heavy dots = sandstone; crosses = 


Dedham granodiorite. 


the two areas indicates there is no such fault. The lava near the top of 
the Roxbury conglomerate can be traced from the area where the thick- 
ness is slight into the area where the thickness is greater, yet there is 
no offset in it. 

In the above analysis it is assumed that the faulting continued until 
deposition of the Roxbury conglomerate was complete. It is conceiv- 
able, however, that faulting might have ceased during deposition, and 
that the uppermost beds were not affected by the faulting. This situa- 
tion is portrayed in Fig. 8d. Most of the known facts in the Hingham 
area can be explained by such an hypothesis. 

After folding and erosion the relations would be as shown in Figure 
9A. On one limb of the syncline the sediments are much thicker than 
on the other. If the folds were not pitching the geologic map would 
have the appearance shown in Figure 9B and the fault could nowhere 
be observed at the surface. If, however, the fold were plunging, 
the fault would outcrop somewhere and the relations would be more or 
less like those shown in Figure 9C. On the other hand, if strata deposited 
against a steep slope were thrown into a westerly plunging syncline and 
subsequently eroded, the geologic map would be as shown in Fig. 9D. 
The contact between the sediments and the granodiorite is a depositional 
contact, not a fault. 

With proper exposures it would be possible to decide between the two 
cases represented by Figures 9C and 9D. Unfortunately the critical part 
of the contact is under the waters of Hingham Bay and glacial drift to 
the east and west. 
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Although the problem can not be solved with complete satisfaction, 
there are two facts favoring the hypothesis that the sediments were de- 
posited against the slopes of a deep valley, illustrated in Figures 7A and 
9D. First, the upper part of the Roxbury conglomerate is not broken 
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B = map of diagram A, if there is no pitch to the fold. C = map of diagram A, if the fold 
pitches west. D = map of a fold pitching west, in which conglomerate lapped up against a slope 
of granodiorite. 


by any fault between the two areas of contrasting thicknesses. In an 
area of good outcrops it is possible to prove that there is no fault. The 
best that the advocates of a faulting hypothesis can do is to assume 
that the fault affects only the lower part of the Roxbury conglomerate 
and is located in an area where there are no exposures. Second, in the 
nearby Nantasket area a structural relationship very similar to that 
shown in Figures 7A and 9D is found. There contact is well exposed 
and is depositional, not a fault contact. The correct interpretation for 
Nantasket is given in Figure 9D. For these two reasons the same inter- 
pretation is favored for the Hingham area. 
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ORIGIN OF THE BASIN OF DEPOSITION 


The above analysis indicates that the Roxbury conglomerate was 
deposited on a surface with a relief to be measured in hundreds or even 
thousands of feet. It is not the primary purpose of the present paper 
to consider the processes that formed this relief, that is, whether they were 
entirely erosional or largely tectonic. One small piece of evidence bear- 
ing on this subject is presented. 

West of the Weir River (Fig. 4) a normal fault trends N. 80° W. This 
fault has displaced a lava flow, which for convenience may be called 
stratigraphic unit 4 (Fig. 2). South of the fault, conglomerate 3 under- 
lies this lava and rests directly on the granodiorite. But north of the 
fault two stratigraphic units in the Roxbury conglomerate appear beneath 
conglomerate 3; they are conglomerate 1 and lava 2. The only explana- 
tion seems to be that units 1 and 2 were deposited against a steep cliff 
of granodiorite, a cliff that may well have been a fault scarp. After the 
deposition of units 3 and 4, there was renewed faulting. Later a dike 
intruded the west end of the fault. 

These data suggest that the Carboniferous relief is partly tectonic in 
origin, with, of course, considerable modification by normal erosional 
processes. 

CONCLUSIONS 


The Roxbury conglomerate of the Boston area was deposited on a sur- 
face of considerable relief. In the Nantasket area a Carboniferous relief 
of at least 565 feet is well substantiated and the value was probably 
at least 845 feet. In the Hingham area the relief appears to have been 
at least 2100 feet within a distance of 8500 feet, indicating a slope of not 
less than 14 degrees. 

It is significant that different methods of analysis have been used in 
the two areas. At Nantasket the conclusions are based chiefly on the 
fact that the sediments strike into the older crystalline rocks. At Hing- 
ham, on the other hand, the conclusions are based primarily on a rapid 
thickening of the Roxbury conglomerate toward the north. The two 
methods lead to similar results. 
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ABSTRACT 


A study has been made of the marine Pleistocene of Texas. A fairly large fauna is 
known from the Beaumont clay, especially near the coast of the Gulf of Mexico. A 
large percentage of the Beaumont fossils are referred to the Ingleside Terrace of 
Price which probably dates from the last major interglacial stage. These fossils are 
very similar to those reported from the Pleistocene of Louisiana, and a correlation 
between the Texas fossils and those from the Port Hudson formation of Louisiana 
and Mississippi is suggested. The marine Pleistocene deposits of Texas are approxi- 
mately horizontal between Louisiana and the Mexican border although there is a 
possibility of a local sinking in the Rio Grande Delta. 


INTRODUCTION 


The marine Pleistocene deposits of the Gulf Coastal Plain of Alabama, 
Mississippi, and Louisiana were discussed in a recent paper (Richards, 
1939). It was noted that in the vicinity of the Mississippi Delta the 
Pleistocene deposits have apparently been considerably tilted, probably 
because of the weight of the sediments brought down by the Mississippi 
River. Marine Pleistocene fossils were found as deep as —2400 feet in 
Terrebonne Parish, southwest of New Orleans. The depression caused 
by the Mississippi River was apparently largely limited to the present 
flood plain, and marine Pleistocene fossils were again found above sea 
level near Lake Charles, Louisiana, where they have been correlated 
with the Beaumont formation of coastal Texas. The present paper at- 
tempts to trace the marine Pleistocene deposits between the Sabine 
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River at the Louisiana-Texas line and the Rio Grande at the Mexican 
border. 
PREVIOUS WORK 


The Pleistocene of the coast of Texas consists of the Houston group 
of Plummer (1932) which is composed of two formations—the Lissie 
and the Beaumont. The Lissie gravel, named by Deussen (1914), lies 
unconformably on the Goliad sand and other sands of Pliocene age 
and is overlain unconformably by the Beaumont clay (Plummer, 1932, 
p. 783). Vertebrate fossils are known from many localities, and marine 
fossils are reported from deep wells near the coast. The Lissie is 
considered early Pleistocene. 

The overlying Beaumont clay, named by Hayes and Kennedy (1903), 
consists of clay and sand, and ranges from 400 to 900 feet in thickness 
(Plummer, 1932, p. 788). According to Deussen (1924, p. 111), the 
Beaumont formation is coextensive with the Beaumont terrace and 
represents a westward extension of the Port Hudson formation of 
Louisiana and Mississippi. Deussen also recognized the multiple char- 
acter of the Beaumont. Barton (1930a, 1930b, 1937) has recognized 
the deltaic character of the Beaumont of southeastern Texas and south- 
western Louisiana and prefers the term Beaumont deltaic plain to 
Beaumont terrace. Marine fossils, particularly Rangia cuneata and 
Ostrea virginica, are common especially from shallow wells near the coast. 

Price (1933, 1934, 1936) has made detailed studies of the Beaumont 
in the Corpus Christi area and also recognizes its deltaic character. He 
points out that the Beaumont consists of two or more terraces, and one 
of these—the Ingleside—he has studied in some detail. 

The Ingleside terrace 


“consists of extensive flats, now isolated by intervening bodies of water and by areas 
which are of deltaic origin” (Price, 1933, p. 919). 


He believes that the terrace may possibly be correlated with the Pensacola 
terrace of Florida (after Leverett, 1933) or with one of its “subdivisions” 
(after Cooke, 1931). In 1933 (p. 921) he states 


“This broad terrace of the coastal plain of Florida is similar in position and general 
features to the Ingleside terrace.” 


He now writes (personal communication, 1939) 
“aif they (Ingleside and Pensacola) are not precisely equivalent, they must be nearly 
so.” 


He has traced the physiographic history of the Corpus Christi area 
and suggests that the Ingleside terrace was formed during a high stand 
of the sea just before the last low sea level—in other words during the 
last major interglacial stage. 

The present writer (Richards, 1936, 1938, 1939) has studied the 
lowest terrace deposits of the Atlantic and Gulf coasts and has at- 
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tempted to show that they are approximately contemporaneous and 
date from the last major interglacial stage. (See Table 1.) 

Trowbridge (1923, 1932) in studying the Quaternary of the Lower 
Rio Grande region, has recognized the Beaumont clay as well as the 


TaBLe 1—Suggested correlation of Late Pleistocene of Atlantic and Gulf Coastal Plain 
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Leona formation which occurs as a river terrace along the Rio Grande 
and which he thinks is an extension of the Beaumont. Trowbridge 
(1923, p. 101) reported freshwater fossil mollusks from the Leona 
formation in Texas, and Penrose (1890, p. 63) recorded the land shell 
Bulimulus alternatus Say from the same formation at Reynosa, Mexico. 
This species is common in the region today, and the fossils may pos- 
sibly be Recent (Weeks, 1933). The Lissie and older formations were 
also mapped in the Lower Rio Grande region by Trowbridge and Weeks. 

Price (1938) has recently studied the deposits of the Rio Grande 
region and has pointed out their deltaic character. According to his 
studies, which are still in progress, a subsidence similar to but on a 
much smaller scale than that in the Mississippi Delta has been 
taking place in the Lower Rio Grande delta. 

Other recent contributions to the Pleistocene history of coastal Texas, 
although more concerned with formations older than the Beaumont, 
are those of Weeks (1933) and Doering (1935). Recent summaries 
of the geology of Texas, including many references to the Pleistocene, 
are those of Plummer (1932) and Price (1934). 
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DESCRIPTION OF FOSSIL LOCALITIES 


JEFFERSON County: Maury (1920, 1922) has recorded Pleistocene fossils from the 
following wells near Beaumont: 


(1a)? Bayou City Oil Company, Beaumont; shells at 600 feet. 
(1b) Spindle Top Oil Well near Beaumont; shells at 390 feet. 


The latter well is the type locality of Nassa beaumontensis Aldrich (1901). 

Harpin County: Maury (1920, 1922) records Pleistocene fossils from the following 
wells: 

(2a) Beaumont Petroleum and Liquid Fuel Company, No. 1, Saratoga; shells at 

705 feet. 

(2b) Teel Well No. 1, Saratoga; shells at 940 feet. 

Orance County: Plummer (1932, p. 793) records a number of shell deposits whose 
origin is uncertain. Some observers believe that they are of Indian origin, while 
Pearce (1932) and others maintain that they are small reefs deposited by wave and 
river action in silt and clay and later transported by the river currents. Among the 
localities of this type mentioned by Plummer are (3) Shell Bluff near the mouth of 





1 Numbers in parentheses refer to locality map, Plate 3. 
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Ficure 1. Exposure oF PLetstoceNe SHELLS at Houston Point ON GALVESTON Bay, 
CuamBers County, TEXAS 





Ficure 2. PLeistocene Oyster Reer Near Port Lavaca, CaLtnoun County, TExas 
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Ficure 1. PLeistocene Limestone, Point Pefascat, Kenepy County, Texas 


Ficure 2. Fitt From Brownsvitte Sxuip CANAL Near Port BrRownsviLLe, 
Cameron County, TEXAS 
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the Sabine River and (4) Griggsby’s Bluff on Neches River, opposite Port Neches. 

The writer’s field work of 1936 disclosed the fact that the shells from Shell Bluff 
had been dredged from the river for road building, but it was impossible to locate 
Griggsby’s Bluff. 

Even if these localities prove to be of natural rather than Indian origin, their cor- 
relation with the Beaumont clay is doubtful. They are probably much younger and 
may possibly be correlated with the shell deposits of the cheniers of southwestern 
Louisiana (Russell and Howe, 1935; Richards, 1939). 

Wells near the coast (5) have yielded Rangia cuneata from the Beaumont clay at 
a depth of about 45 feet. 

Cuamsers County: A shell locality similar to those at Griggsby’s Bluff and Shell 
Bluff in Orange County is reported at the headwaters of Trinity Bay on Oyster Creek 
(6) (Plummer, 1932, p. 793). 

There is an exposure of shells along the shore of Galveston Bay at Houston Point 
(7) about 7 miles southeast of Goose Creek (PI. 1, fig. 1). These shells can probably 
be correlated with one of the shore lines of Beaumont time. Ostrea virginica and 
Rangia cuneata predominate, and, as a whole, the fauna definitely suggests brackish 
water. The bluff rises to an elevation of 19 feet above sea level; and the shells 
occur up to an elevation of 10 feet. Similar shells occur in a pit about 100 yards 
back from shore. 

Gatveston County: Pleistocene fossils were recorded between the depths of 46 
and 458 feet from the Galveston Deep Well (8) by Harris (1892, 1895) and Maury 
(1920, 1922). The material was examined in the collections of the University of 
Texas at Austin, Texas, in April 1938. 

(9) A collection of shells was received from Mr. S. O. Burford from a water well 
4 miles south of Dickinson. The following is an approximate log: 


Feet 
SO er Ses Ate i a ee cr Oto 71 
UNION BRIM. WAGE) IEW BHGUS. o 2... oo 6 os se os oe bie dee tas neva nde terns Z71to 83 
I To Sk Leh e oe Sonsvn giv its ae 5 whaeeie Ags WPS 83 to 116 


Forty marine species were identified. The fauna is Pleistocene and probably came 
from the Beaumont. 

Deposits of shells, especially Ostrea and Rangia, are frequent near the shore line 
of Galveston Bay. Undoubtedly many are of Indian origin; however, some may 
be of natural origin. For example, the deposit of Ostrea and Rangia at Clear Lake 
(10) at the entrance of Clear Creek, near League City, may possibly represent a 
natural shell ridge of the chenier type. However, no great antiquity is indicated. 
and the shells may possibly be correlated in age with those from the cheniers of 
southwestern Louisiana and from the locality mentioned below (11). 

Dredgings from the Intra-coastal Canal about 6 miles east of the Galveston-Point 
Bolivar Ferry (11) encountered numerous shells, and about 16 species were identified 
from the spoil banks. The material is undoubtedly post Beaumont and can probably 
be correlated with the chenier deposits of Louisiana and with the shells from locali- 
ties 3, 4, 6, and 10 in Texas. All the species are at present living in the coastal 
waters of Texas. 

Harris County: Some land shells were obtained between the depths of 46 and 77 
feet from a water well on the east edge of Pierce Junction Salt Dome, about 5 miles 
south and slightly west of the city of Houston (12). According to Mr. S. O. Burford 
(personal communication, 1939), of the Humble Oil and Refining Company, who 











1890 H. G. RICHARDS—MARINE PLEISTOCENE OF TEXAS 


informed the writer of the presence of these shells, the sand containing these land 
shells is 
“probably the same sand as that containing the abundant marine fauna from the 
water well 4 miles south of Dickinson at a depth of 83 to 116 feet. The change from 
marine to non-marine conditions in this sand, as shown by various water wells, occurs 
about 3 miles north of Dickinson.” 
The land shells Helicina orbiculata Say and Polygyra leporina Gould were identified 
from the Pierce Junction well. Both species are known to be living in the vicinity 
today. 
Maracorpa County: Deussen (1924, p. 111) records shells at a depth of 290 feet 
from a well 3 miles west of Palacios (13). 
Jackson County: Deussen (1924, p. 111) and Plummer (1932, p. 794) record Ostrea 
and Rangia from a depth of 58 feet in a well 4 miles southwest of La Ward (14). 
CaLHoun County: A collection of 39 species of mollusks was identified by Dr. T. 
Wayland Vaughan from a depth of 370 feet at Alligator Head (15) (Deussen, 1924, 
p. 112). This material has recently been examined at the United States National 
Museum, Washington, D. C. 
Deussen also records Ostrea and Rangia from a depth of 125 feet at Mitchells 
Point on Lavaca Bay (16), and at 95 and 320 feet from two wells near Olivia (17). 
Also, according to Deussen (p. 112), 
“At Alamo Beach (3 miles southeast of Port Lavaca) the Beaumont clay consists 
of three feet of yellow laminated slightly argillaceous sand and three feet of under- 
lying mottled blue and red laminated clay with poorly preserved marine fossils.” 
Oyster shells are abundant in a bluff about a quarter of a mile long on the 
east side of Lavaca Bay about a quarter of a mile south of the highway bridge 
leading into Port Lavaca (18) (PI. 1, fig. 2). The following section was observed: 


Ft. In 
Typical red Beaumont clay with nodules of “soil lime” or caliche........ 15 
Red shale with small oysters ay ep MAR y om tate eer Oo 3 
epee Wee os ass ¥: sn Saree R are ths pate 3 


Red sand; in places a greenish clay....... Pe ieee SA a os oh 

Rervucio County: Shells were obtained from bluffs south of Mission River and 
west of Mission Lake (19). The shells occur in an uncemented mar! at an elevation 
of about 12 feet. Four species were identified. 

Dr. Price has told the writer of a fossil locality at Hines Springs (20) which is 
probably similar to the Mission River locality already mentioned and which repre- 
sents a beach deposit (Price, 1933, fig. 11; 1934, p. 959). Inasmuch as extensive 
digging would have been necessary in order to obtain any shells, the locality was not 
studied. 

Several small quarries near Bayside (21) yielded a coquina-like limestone con- 
taining a few shells up to elevations of between 6 and 10 feet. The best collecting 
area is along the shore of Aransas River about half a mile due west of Quarry Run 
(Price, 1934, p. 957). In addition, wells show oysters in shell beds down to —100 feet 
in coastal Refugio County between Bayside and Mission River. 

Aransas County: A sandy limestone containing a few shells is exposed at several 
places close to the low-tide line along the coastal lagoon at Rockport (22) up to an 
elevation of one foot. The shells are difficult to determine. 

A similar fossiliferous limestone was exposed on the beach at Fulton (23) up to an 
elevation of one foot. Identifiable shells are few. 
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Shells were obtained from the following shallow water wells in the vicinity of 
Rockport : 
(24) Cottage Haven Well, half a mile south of Rockport; one-eighth of a mile 


from Aransas Bay; maximum depth 44 feet. 

(25) Well on Copano Bay, half a mile south of Redfish Point (few species; prob- 

ably on former beach ridge). 

(26) Jim Heard Well on Lamar Peninsula; maximum depth 64 feet. 

(27) C. E. Sanders Well; half a mile north of Fulton; oysters at —91 feet; small 

gastropods abundant at —96 feet. 

(28) Jacobs Well, 100 yards northeast of Rockport railroad station; depth 52 feet. 

(29) Kingsley Well at “The Triangle,” three-fourths of a mile southeast of Rock- 

port courthouse. 

Martin (1930) records fossil shells in a clay bank on Live Oak Peninsula, west of 
Rockport, the exact locality not given. A survey of the Live Oak Peninsula, on the 
east side of Port Bay in April 1938, in the company of Dr. Price and Mr. Turner, 
showed numerous Indian shell heaps but no natural shell deposits. It is very 
probable that Martin’s locality was also of Indian origin. 

San Patricio County: At the Mud Flats area at the southwest end of Copano 
Bay and 10 miles northeast of Taft (30) (Taft Ranch area Section 32), Dr. Price 
(personal communication, 1936) noted some old quarries with large slabs of coquina- 
like limestone up to an elevation of 11 feet. Since extensive digging would be neces- 
sary in order to obtain any identifiable specimens, it is impossible to list the fauna 
at this time. 

At the south end of Mud Flats (Section 60) oysters were exposed in a road ditch 
in uncemented marl (31). 

Nueces County: A log of a wildcat well drilled about 15 years ago at Flour Bluff 
on the south shore of Corpus Christi Bay (32) showed oyster shells down to 575 feet 
below the surface (560 feet below sea level). 

According to Dr. Price, limestone, probably referable to the Beaumont, occurs on 
the northeastern extremity of Flour Bluff at sea level at the mouth of Laguna 
Madre (33). 

Mr. Carl Neer, of the Humble Oil and Refining Company, obtained a fauna of 
Pleistocene fossils from drill holes in the vicinity of Corpus Christi (34). Hole No. 
971 yielded the most fossils—Abra aequalis, Petricola pholadiformis, Chione can- 
cellata, Ostrea virginica, Arca campechiensis, A. transversa, Corbula contracta, Mulinia 
lateralis, Donax roemeri, Dentalium sp., and Balanus sp. being found at a depth of 
34 feet. Ostrea sp. and Pecten sp. occurred at a depth of 45 feet, and Ostrea sp. and 
Donaz cf. roemeri at 205 feet. The other holes yielded only Ostrea, M. lateralis, and 
indeterminable fragments, except No. 974 which yielded Nassa acuta at 266 feet and 
No. 875 which brought up Cerithium variabile at 255 feet. 

The above material was examined through the kindness of Mr. Neer. 

Price (1934) records Pleistocene Foraminifera from several bore holes in the 
vicinity of Corpus Christi. According to him, Foraminifera are abundant under and 
close to the Ingleside terrace at the 12-foot level and toward the sea. Foraminifera 
were also obtained from localities 19, 20, 21, and 30 (Price, personal communication, 
1939). 

Jones (1928) recorded shelis from “raised beaches” in the vicinity of Corpus Christi, 
but Price (1933, p. 941) has shown them to be Indian camp debris. 

Kueserc County: Fossiliferous limestone is present along the west shore of Laguna 
Madre from opposite Laguna Larga to Point of Rocks on Baffin Bay (35). The 
exposures are in shallow water and occur up to a foot or 2 above sea level (personal 
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communications, W. Armstrong Price and F. G. French, of Corpus Christi, Texas, 


1936). 
Kenepy County: At Point Pefiascal on the Kenedy Ranch on the shore of the 


southwestern extremity of Baffin Bay (36), a fossiliferous limestone is exposed, its 
top about 2 feet above the sea. The limestone also occurs in shallow water westward 
from Point Pefiascal (Pl. 2, fig. 1). In general appearance it somewhat resembles 
the Anastasia limestone of Florida. The species are difficult to recognize. 

Cameron County: An unusually fine specimen of a fossil crab (Mnenipe sp.) was 
found on the Gulf beach of Padre Island opposite Point Isabel (37). It is probable 
that this specimen together with some of the shells found on the beach had been 
washed from some Pleistocene deposit in the vicinity. Mr. A. E. Anderson, of 
Brownsville, had obtained a number of Pleistocene vertebrate fossils from this beach. 

Shells were obtained from fill of the excavations at the Brownsville Ship Canal. 
Since this is the region of the Rio Grande Delta where recent subsidence may have 
taken place, the major part of the material is probably post-Beaumont. Shells were 
collected from many places along the spoil banks, but the best material came from 
the following: 


(38) Dredged from Brownsville Ship Canal, 1.1 miles east of Port Brownsville 
(Pl. 2, fig. 2). 

(39) Dredged from Brownsville Ship Canal, 15 miles east of Los Fresnos. 

(40) Dredged from Brownsville Ship Canal, 2 miles west of junction with Laguna 
Madre. 


Land and freshwater species predominate in Locality 38, while brackish and marine 
species become more numerous as the Gulf is neared. 


DISCUSSION AND CONCLUSIONS 


1. Except for a few records from deep wells (Plummer, 1932, p. 786), 
no marine fossils have been found in the Lissie gravel. The remain- 
ing marine Pleistocene fossils from Texas are referred to the Beaumont 
clay. Probably more than one shore line is indicated in the Beau- 
mont, but no attempt is made here to distinguish them inasmuch as 
physiographic work is now being carried on in the region by Dr. Price 
and others. 

2. The majority of the Beaumont fossils so far reported from Texas 
occur at an elevation of 12 feet or less and therefore can probably be 
correlated with the Ingleside terrace of Price. 

3. The suggestion of Deussen (1924) that the Beaumont be cor- 
related with the Port Hudson of Mississippi and Louisiana seems 
reasonable in the light of the fossil evidence. Also, the correlation 
by Price of the Ingleside terrace with the Pensacola or its lowest 
“subdivision” seems to agree with the evidence here presented. (See 
Table 1.) 

4. The surface Beaumont of southeastern Texas is deltaic.in origin 
and may be correlated with the Pleistocene deposits of southwestern 
Louisiana near Lake Charles (Richards, 1939). The majority of the 
fossils referable to the Beaumont in southeastern Texas indicate brack- 
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ish conditions not unlike a modern delta. The shells from the Dickinson 
well (8) indicate a more marine condition. 

5. The shells from Clear Lake (10) and the Intra-coastal Canal near 
Galveston (11) are post-Beaumont and may possibly be correlated with 
the cheniers of southwestern Louisiana. Similarly, the shell deposits of 
localities 3, 4, and 6 are also post-Beaumont and may possibly be of Indian 
origin. 

6. The localities at Bayside and Hines Springs may form an estuarine 
phase, and those at Fulton, Rockport, Point of Rocks, and Point 
Pefiascal may form a marine phase of the same age (Ingleside). The 
top of the coquina at Bayside and vicinity is 8 to 10 feet below the 
top of the Beaumont clay. The same is true at Point Pefiascal. 
Hence it seems possible that the fossils preceded in age the fall of 
sea level which immediately followed the last alluviation of the Beaumont 
deltaic plain and the margin of the Ingleside terrace. 

7. Doering has suggested a 1-foot-per-mile post-Beaumont warping. 
Whether or not this warping took place seems to make no difference in 
the correlation of the fossils from the Bayside-Hines Spring horizon 
with the Fulton-Rockport-Point Pefiascal horizon. 

8. The shells from the water wells near Rockport, Aransas County 
(localities 24 to 29), represent a more marine and deeper water con- 
dition than any of the other localities under consideration. 

9. There is no evidence of any pronounced sinking of the land in 
south Texas comparable to that which occurred in Louisiana because 
of the weight of the sediments brought down the Mississippi River 
(Howe, 1936; Russell, 1936). The much smaller silt loads of the re- 
spective streams probably account for this difference. (See Table 2.) 


TaBLeE 2.—Acre feet annual silt load of various tributaries of the Gulf of Mexico 
After Faris (1933) for Texas streams and Howe, Russell, and McGuirt (1935, p. 42) for Louisiana. 























Rio Grande Brazos San Antonio Nueces Colorado Colorado Mississippi 
El Paso Rosenburg Falls City Three Rivers | Tow CN? Bick ides cots 
1897-1912 1925-1930 "1928 -1930 "1928-1930 1928-1930 po Pree eae 
19,739 19,310 186 553 3447 6894 171,520 























10. The silt loads of the Rio Grande and Brazos are noticeably 
greater than any of the other Texas streams, and a certain amount 


of sinking might be expected in the deltas of these two rivers. 


Such 


sinking is suggested by the finding of land and freshwater shells, 
probably post-Beaumont, in the dredgings for the Brownsville Ship 
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Canal (localities 38 to 40). The shells dredged from the western 
part of the canal (near Brownsville) are largely freshwater or land 
species, while those from nearer the Gulf are largely brackish. Ac- 
cording to Price (1938, p. 37-38), the Rio Grande Delta of Texas 
and Mexico consists of 

“a large Beaumont Pleistocene delta plain—55 by 105 miles—and a Recent delta 
plain—40 by 70 miles.” 

Further correlations of the fossils from the Rio Grande Delta must 
await the completion of the physiographic studies now being con- 
ducted by Dr. Price in this area. 

11. Price (1933, p. 925-929; 1935) has demonstrated that there was 
a period of low sea level after the deposition of the fossils on the 
Ingleside terrace. This stage can probably be correlated with the 
Wisconsin glaciation. A low sea level stage is thought to have oc- 
curred after the deposition of the Pamlico formation of the Atlantic 
Coastal Plain (Richards, 1936, p. 1644-1645; 1938, p. 1286). This low 
sea level is correlated with the Wisconsin glaciation. The low sea level 
stage in Texas probably dates from the same period. 

12. The majority of the fossils from the Beaumont clay of Texas 
discussed in this paper can probably be referred to the Ingleside ter- 
race of Price. The shells from the deeper wells may represent an 
earlier marine phase of the Beaumont or may possibly represent the 
Lissie. With the exception of the extinct Nassa beauwmontensis from a 
depth of 390 feet near Beaumont (1b), which is probably pre-Ingleside, 
the Texas Pleistocene fossils are similar to those living in the Gulf of 
Mexico today. They are also essentially similar to the fauna of the 
Pamlico formation of the Southern Atlantic Coastal Plain and of the 
Pleistocene deposits of the Gulf Coastal Plain of Alabama, Mississippi, 
and Louisiana, all of which have been referred to the last major inter- 
glacial stage (Sangamon ?) just before the last lowering of sea level 
(Wisconsin) (MacClintock and Richards, 1936; Richards, 1936; 1938; 
1939). Thus it seems probable that at least the Ingleside terrace of 
the Beaumont dates from the last major interglacial stage (Sangamon ?). 


PLEISTOCENE MOLLUSKS FROM TEXAS 
PELECYPODA 


ey EUS Ea ee ee la,” 8, 24, 26, 29 

STON goo s > Khas os Riv divs ples a 0004 8 

Arca campechiensis Gmelin................2+0000: 9, 11, 15, 24, 26, 28, 34, 40 

PENI ro Steno 6 wh Suk doe she anne 2b, 7, 8, 9, 11, 15, 24, 26, 28, 29, 
34, 40 

EEO COE 9, 11, 24, 26, 28 





2 Numbers refer to localities. See Plate 3. 
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EXAS SHOWING PLEISTOCENE FOSSIL LOCALITIES 
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2a, 2b, 9, 11, 15, 24, 26, 28 
Ostrea virginica Gmelin la, 2a, 7, 9, 10, 11, 14, 15, 16, 18, 
19, 21, 25, 29, 31, 32, 34, 38 


Pecten gibbus Linné 

Anomia simplex d’Orbigny 
Modiolus demissus Dillwyn 
Congeria leucopheata Conrad...... 


Crasinella lunulata Conrad 

Diplodonta semiasper Philippi 

Cardita floridana Conrad 

Phacoides crenella Dall 

P. amiantus Dall 

Divarcella quadrisulcata d’Orbigny 

Cardium robustum Solander..................+.+: 15, 28, 34, 40 
C. muricatum Linné 

Dosinia discus Reeve 

Macrocallista nimbosa Solander 


C. intepurpurea Conrad 

Venus mercenaria Linné 

V. campechiensis Gmelin 
Anomalocardia cuneimeris Conrad 
A. rostrata Savage 

Petricola pholadiformis Lamarck 
Tellina tenera Say 

T. alternata Say 

T. texana Dall 


Strigilla flexuosa Say 
S. canaria Linné 
re Gevualss BOY ...... 1.06.06... 


D. tumidus Philippi 

D. roemert Philippi 

a ee 15, 29 

Tagelus gibbus Spengler 

T. divisus Spengler 

Miilinia lateralis Say la, 8, 9, 11, 15, 24, 25, 26, 27, 28 
29, 34, 40 

Rangia cuneata Gray la, 5, 7, 10, 11, 14, 16, 17, 19, 40 

Labiosa canaliculata Say 

Corbula contracta Say 2b, 26, 27, 29, 34 

NS ee 9, 15, 24 

SN INNER oo. oc so oie eS osnce so oeeiene ee sees 15 

C. disparilis d’Orbigny 

ND 6's 4 vis ded aw aikca.oie o.aa.atewaees 9,15 40 

Sphaerium sp. (freshwater) 
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GASTROPODA 

CNS ooo cb vaca scadensss0ae 55's 7, 28, 40 
Scalaria humphrysit Kiener...................45- 9, 15, 24, 28, 29 
0 ORES Ar a A er 24 
Pyramidella crenulata Holmes...................- 9, 15, 24, 29 
Odontostomia conoidea Brocchi.................-+. 8 
RS Saco a snik aw ass AS 40S oe doin woes 9 
Polénices duplicata Say ..... 2.2 ....ccccessccscess 9, 15, 24, 26, 28, 29 
NII a is Sb Siete his pac ansctedee sede ved 15 
Stnum perepecttoum Say .............cccccccccess 24 
Crepidula fornicate Linné ................ccceee: 29 
oh acon gv bic's Foes Ges ope sled 40 
SN ION NINNU IRIS 555 6.5 Sse ox 4.010.050 610 wiaiw'asie area's 7, 11, 15, 40 
cE 0 ar 24, 26 
| \ 15 
eee 15 
Ce PN oo Ss Snes oicwae soe sdavecdes 24, 28, 29, 34 
Certthidea ecalariformis Bay ..........0..c0ceceees 19, 40 
No a eA 8 
ar eye cawece koe sucess sada ene 24 
Thais haemastoma floridana Conrad............... 11, 15 
IMINO co ogc wis 0 «ul 60 see dss 'S:0 wise is 8, 15, 24 
re ON. Oe aleve rs meine esusauweae 8, 9, 15, 29 
Se ea ere ere 9, 15, 24, 26, 34 
N. beaumontensis Aldrich .............6..0e00000: 2a 
Ne Fe 11, 24 
i EOOURS 55 65st, Seco s cass s40doeas san 11, 24 
ee aac wea Wa o5se% ae deleonn de 19, 29 
ee A eee ee 15, 24, 29 
OS ean ee ES 9, 15, 24, 26, 29 
CS Ss ee eee ee 24 
a CE TOD 5 oi ss oss ceiccbwe cece aces cu 15, 29 
RA ee ee 29 
ee et ee 9, 15 
SEC ha a io altos shee Seas a aewhe 9, 24 
IS Aas an ee ae a PE 9, 24 
Acteocina canaliculata Say... ...........ce eee eeee 9, 24, 26, 29 
SY ee 7, 40 

(Land and freshwater species) 
Dee eon ack eo was ko takawew cane 9 
Physa conoidea Crosse and Fischer................ 38, 39, 40 
Bulimulus alternatus mariae Albers................ 38, 39, 40 
Gastrocopta contracta Bay. ..........06csesscescees 9 
EY Decne s oo OU seesaw esses shwneso¥ 9 
eee Kew snk SoS wn owns ome vamakam 38 
EIR Piao oe SorGhtesw aneccuneer saw G 9 
Se a ee ee ee 38, 39 
Helicina orbiculata tropica ‘Jan’ Pfeiffer............ 38, 40 


Palpgre TEPORIONE MEOTIC «ooo sos ccc ces ce eseees 38, 39,"40 
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SCAPHOPODA 
Dentalium texasianum Philippi.................... 9 
PN c saya clare soa lb: 6 as 2s 44 6 Sisialacalor eds oare Winclone 9, 34 
COELENTERATA 
NTN 9.8 5. .:4 50-05 5 Woe beara e oreo sues 9, 15 
ECHINODERMATA 
PN ogee ce bated caw va carers ST OA Ain ineaten 15 
CRUSTACEA 
NE aed ee ed: 5 sh seat nS ee Re 34 
PN io oe an ano tsidcswnediuquwawa wes enen 36 
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